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I. INTRODUCTION

The computer program presented here calculates the Fourier coef-
ficients [1, Eqs. (87)-(89)] of the electric and magnetic currents on
the object shown in [1 , Fig. 1] excited by an obliquely incident
f-polarized piane wave. The I's and V's in [1, Eqs. (87)-(89)] are
the elements [1, Eq. (68a)] of ig obtained by solving [1, Eq. (65a)]
for non-negative values of n with ﬁg given by [1, Eq. (101)].

The computer program consists of a main program and the sub-
programs YZA, BLOG, PLANE, DECOMP, SOLVE, and PRNT. The subroutine
YZA calculates the matrix elements [1, Eqs. (35) and (36)] which appear
in expression [1, Eq. (33)) for the moment matrix Tn. Tn is needed

in [1, Eq. (65a)]. The subroutine YZA calls the function BLOG. The

t6 08t oo
ni"’ Vni" Vni" and Vni'

to {1, Eq. (103)], determine Eg of [1, Eq. (101)]. The subroutine DECOMP

subroutine PLANE calculates V which, according
decomposes Tn into the product of a lower triangular matrix with an upper
triangular matrix. The subroutine SOLVE uses these triangular matrices
to calculate the solution ig to [1, Eq. (65a)]. The subroutine PRNT
uses the elements of ig of [1, Eq. (H8a)] to calculate the Fourier coef-
ficients [1, Eqs. (87)-(89)]. The subroutine PRNT also prints out
[1, Eqs. (87)-(89)].

The main program calls the subroutines YZA, PLANE, DECOMP, SOLVE,
and PRNT in order to calculate and print out [1, Eqs. (87)-(89)]. The
main program is rather long because it has to rearrange the Z's and Y's

calculated by the subroutine YZA and the V's calculated by the subroutine

PLANE. Unfortunately, the Z's and Y's come out of the subroutine YZA




arranged not as in [1l, Eqs. (35) and (36)] but as on the right-hand sides

of [1, Eqs. (47) and (50)] for consecutive values of i' and j'. Likewise,

the V's exit the subroutine PLANE arranged not as on the left-hand sides
of [1, Eq. (103)] but as on the right-hand sides of [1, Eq. (103)] for

consecutive values of i'. The main program has to rearrange these Z's,
*
{ !
. z

3 |

+ +
Y's, and V's so as to realize the transition from Wr_, and Js_. to WP
—ni -nj -n

and Jq
_n

II. THE SUBROUTINE YZA

The subroutine YZA(M1, M2, NP, NPHI, NT, IN, RH, ZH, X, A, XT,

AT, Y, Z) calculates the elements of matrices Y; and Zn defined by !
[grtt  getd]
n n
Yr'1 = ' , n=M1, Ml+l,...M2 (1)
Y'¢t Y'¢¢
n n
th thﬂ
n n
r
Zn = , n=M1, Ml+l,....M2 (2)
Z¢t z¢¢
n n
b o

where the 1jth elements of the submatrices on the right-hand sides of

(1) and (2) are given by

' I8 s

r
Yagy = " Mpg o0 By 002 (3)
r=t,0
s =1¢t,0
rs r ‘1 s
znij = - <wn1 )F{ E(i‘nj’ 0)> (4) i




The quantities on the right-hand sides of (3) and (4) are those on the

right-hand sides of [1, Egqs. (50) and (47)] with the * notation omitted
and with i' and j' replaced by i and 3. The < > notation in (3) and (4)
denotes the same symmetric product as in [1, Egs. (50) and (47)]. The *
notation in [l] serves to distinguish the surface (S+ + A) from the

surface (S + A). The * notation is not needed in (3) and (4) because the
subroutine YZA deals with only one surface of revolution at a time. Later
on in Section V, the main program calls YZA twice, once for (S+ + A) and

once for (S_ + A). For a particular value of n, Y; of (1) is stored by

columns in Y and Zn of (2) is stored by columns in Z. Y'

at+l 1S placed

immediately after Y; in Y. Similarly, Z follows Zn in Z. Y and Z are

n+l
the only output arguments of YZA. The rest of the arguments of YZA are
input arguments.

The input arguments of YZA have the same meaning as those of the

subroutine Y7 presented in [2, pages 65-79]. In comparison with YZA,

the subroutine YZ of [2] puts Yn in Y and Zn of (2) in Z where

1Ytt Yté?
| "n n
Yn = i (5)
?Y¢t Y¢¢
L n n_

The ijth elements of the submatrices on the right-hand side of (5) are

given by -
r =t,d
rs _ _ T s N
Ynij - <wni’ nx E(:I-nj’ 0 (6)
s = t,
where [2, Eq. (4)]
nh= E¢ *u (N

As defined by (7), n is a unit vector normal to the surface of revolution.




Although we have been omitting the vector designation from vectors inside

the symmetric product, we decided to designate n and H as vectors in (6)
to clearly indicate that the vector product nxH is intended there.

YZ of [2] allows for the Ampere's law contribution to the magnetic
field H in (6). The Ampere's law contribution to the magnetic field is
the contribution due to the value of the electric current at the field
point. The Ampere's law contribution in the subroutine YZ of [2] is con-
trolled by means of the input argument IN of YZ of [2]. The action of IN

is described in [2, page 39] under the assumptions that

1) n is given by (7)

2)

=]

points outward from the surface of revolution.

However, the action of IN can be described without recourse to assump-

tion 2) in the following manner.

IN = 1, Magnetic field evaluation on the side of the
electric current sheet where the tail of n is.
IN = 0, No Ampere's law contribution. (8)

IN=-1, Magnetic field evaluation on the side of the
electric current sheet where the head of n is.

In (8), n is visualized as piercing the sheet of electric current which
produces the magnetic field. Apparently, assumption 2) for n can be
eliminated from [2] by replacing the description [2, page 39} of the
action of the input argument IN of YZ of [2] by (8).

Presumably, the magnetic field H in (3) contains no Ampere's law
contribution because the magnetic field gi in [1, Eq. (50)] had no

Ampere's law contribution. However, we decided to allow for the Ampere's




law contribution associated with H in (3) in order to enhance the use-
fulness of YZA. This Ampere's law contribution is controlled by means
of the input argument IN of YZA. The agtion of IN is described by (8)
where it is assumed that n is given by (7). We do not require n to
point outward in (8).

Most of the statements in YZA are exactly the same as those in YZ

of [2]. 1In the remaining part of this section, the differences between

YZA and YZ of [2] are pointed out and explained and then YZA is listed.
Unless stated otherwise, all line numbers and statement numbers cited
henceforth in this section refer to the listing of YZA.

In line 4, more space is allotted to Y and Z than in YZ of [2].

Nevertheless, the minimum allocations given in [2, pages 65-66] apply to 1
YZA. Line 9 in YZ of [2] has no counterpart in YZA because UG and UH
are not used in YZA. On the other hand, line 17 has no counterpart in
YZ of [2]. Line 17 enables YZA to calculate the moment matrix for the

E-field solution [3] for the two conducting bodies in [1, Fig. 13]. This

E-field solution was obtained by connecting the generating curves ABC

and DEF in [1, Fig. 13] to obtain the single curve ABCDEF and then de-
leting all matrix elements associated with the connecting line CD. Line 17
sets kp = 1 at the midpoint of the connecting line CD. Here, k is the
propagation constant and p is the distance from the z axis. If line 17
were absent, this kp would be zero and divisions by zero would occur.

The value 1 assigned to kp in line 17 is not critical because, as stated
earlier, all matrix elements associated with the connecting line CD are

deleted. Line 17 also enables YZA to calculate the moment matrix for




an H-field solution for the two conducting bodies in [1, Fig. 13].

However, this H-field solution, being a solution to (2, Eq. (1)] without

the nx, would fail according to the discussion in the third from the last
paragraph in [1, Section III]. The H~field solution shown in [1, |
Fig. 15] was obtained by using the subroutine YZ of [2] modified
by setting kp = 1 at the midpoint of the connecting line CD in [1,
Fig. 13].

The major difference between YZ of [2] and YZA lies in the fact

that there is an nx in (6) for Yiij calculated by YZ of [2] but not

rs

' 4 . ;.
in (3) for Ynij calculated by YZA. Because Eni in (3) is a

tangential vector, (3) can be written as
r=t,}$

s 0)> (9
s = t,¢ i

In view of (7) and the assumptions that Eﬁi has only a t component and

¢ .
Hni has only a ¢ component, (9) becomes

vts _ ds
Tnij ?nij (10a) i
s = t,d 1
ds _  ots
Y;ij = Yy (10b)
e 7% - <@, n x HUJIE,, 0)> Foee (11)
nij S i s = t,d
where
At _ ¢ .
Wi =4y (g o uy) (12a)
¢ _ t
AR az)




s
ij
modified from (6). The expression "modified from (6)"

According to (10)-(12), Yé?? is the negative of Yﬁ modified from (6)

]

and Y'¢S is Yt .
nij

nij
means (6) with the t and ¢ components of H;i interchanged.

Now, the matrix elements (6) are given by [2, Eq. (12)] and it is

evident from [2, Eq. (9)] that

g = A LI (13)
Wyt g Pﬁi:) I (13b)

Hence, (10) becomes
Y:i:; = - ?ﬁiJ (14a)
Wi
R
Yr'lﬁ’ = ?;‘L (14d)

where

?ﬁij - Yitij of {2, Eq. (12b)] with Péit) replaced by Té(t) (15a)
iij = Yzij of [2, Eq. (12a)] with Ti;t) replaced by Péit) (15b)
?ﬁj - Yi‘ij of [2, Eq. (12d)] with P;it) replaced by Tizt) (15¢)
?t¢ = Yt¢ of [2, Eq. (12¢)] with Ti(t) replaced by Pi(t) (154d)

nij nij P pi

Obviously, the interchange of functions in (15) must be accompanied by




appropriate changes in the limits of integration with respect to t in
[2, Eq. (12)]. Also, because the magnetic fields in [2, Eq. (12)] as
it stands are evaluated on the side of the electric current sheet where
the tail of n is, the Ampere's law contributions to [2, Eq. (12)] should
be multiplied by the input argument IN of YZA. These contributions are
the single integrals with respect to t in [2, Eq. (12)].

Consequently, the Ampere's law contributions to (14) are given by

s n(Iu)ti+l
Y;iE = : [ P (8) T ()de (16a)
Lo
l —
t,
R 1¢ ) N C A
Ynlj = - J_ Ti(t) Pj(t)dt (16b)
j 3

where the horizontal bar on the left-hand sides of (16) denotes Ampere’s

law contribution. TIf the qth interval is defined to be (t;, t

q+1)’ then

the contributions to (16) due to the integrations over the qth interval

are given by

t— J = q_ls q
. 0t _ m(IN) [at1
anj °, J~ Pq(t) Tj(t)dt j#0 (17a)
tq § #NP -1
.- . i=gq-1, q
+
o td _ n(IN) (¢ .
g - - J_ T,(6) P(t)dE 10 (17b)
tq i#NP -1

where NP is one of the input arguments of YZA. The dot on the left-hand
sides of (17) denotes Ampere's law contribution due to integration over
the qth interval. Thanks to the definitions [2, Eqs. (5) and (6)]), (17)

reduces to




., 0t A T(IN)

] = .1 s

anj zpq j#0 (18a)
j#NP -1
i=4q-1, q

A m(IN)

setd _ . q 7 .

Yniq zpq i#0 (18b)
1i#NP -1

where
A=t -t (19)

Expressions (18) are the Ampere's law contributions to the matrix ele-

ments Yéis of (14) due to the integrations over the qth interval.

The contributions to (14) referred to in this paragraph and the
next paragraph are exclusive of the Ampere's law contributions. If the

pqth region is the region for which

S
b, St

- T
t:—~tq+1

(s
|A

then the contributions to (14) due to the integrations over the pqth region
are given by expressions similar to [2, Eq. (18)]. If the generating curve
of the surface of revolution is assumed to be a series of straight line

segments connecting the points tI, t;,... t;P and if the integrations with

respect to t are approximated by sampling the integrands at t = tp and

multiplying by Ap, then the contributions to (14) due to the integrations

over the pqth region reduce to




—_———————————

10

A tt

y! = - % (right-hand side

nij

*, 0t
anJ

* to
1]
Yniq

3100
npq

are given by

2

When t = tp, the functions

in (15) reduce to

2 (right-hand side
1
- §~(right-hand side

2 (right-hand side

of [2, Eq. (22b)]) (20a)

of [2, Eq. (22a)]) (20b)
of [2, Eq. (22d)] without the qu term) (20c)

of [2, Eq. (22¢)]) (20d)

The asterisk on the left-hand sides of (20) denotes contribution due to

integration over the pqth region. The ranges of values of 1 and j in (20)

i=p9p-1,p
i#0 (21a)
i = NP-1
j=4q1, ¢q
j#0 (21b)
j # NP-1
The factors 1 and 2 in (20) are due to sampling the integrands at t = t .
p
Pi(t) Ti(t)
5 and 5 which are being interchanged
i
1y,
pP
Pi(t )
T (22)
Py
0 i#p
1
F) i’P"lsP
Ti(t ) P
__?;Jl_ = (23)

0 , otherwise




Since [2, Eq. (22)]

written as

where

uc-uD

uc+UD

* tt
' -
¥n,p-1,q-1

X tt
Yl
np,q-1

* tt
n,p-1,q

3oee
npq

*d)t
Y! =
np,q-1

2 _
npq

%t .
n,p-1l,q

3,0 _
npq

5,90 _
npq

UA = right-hand

UB = right-hand

right-hand

right-hand

UE = right-hand

UF = right-hand

1
N[

I
|
N

[ N

[NS]

N

N =

N

(uc

(uc

1
=-3 (uc

(uc

(UA)

(UB)

(UF)

(UF)

(UE)

side

side

side

side

side

side

+

+

of

of

of

of

of

of

UD)

UD)

UD)

UD)

tz,

(2,

(2,

(2,

(2,

(2,

is equal to [2,

Eq. (24)], (20) can be re-

p#0,q#0

p#NP-1, q # 0

p# 0, q # NP-1

p # NP-1, q # NP-1

q¥0

q # NP-1

p # NP-1

Eq. (24a)] for j

[
"
e
|
—

Eq. (24a)] for j = q

Eq. (24b)] for j = g-1

Eq. (24b)] for j = q

Eq. (24c¢)]

Eq. (24d)] without the
§ term
Pq

(24a)

(24b)

(24c)

(244d)

(24e)

(24f)

(24g)

(24h)

(241)

(25a)

(25b)

(25¢)

(25d)

(25e)

(25f)
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The notation UA, UB,...UF on the left-hand sides of (25) is the same

as the notation used in YZ of [2]. Expressions (24) are the contribu~

rs
i3
pqth region. No Ampere's law contributions are included in (24). The

tions to the matrix elements Y; of (14) due to the integrations over the
Ampere's law contributions are given by (18).

The Ampere's law contributions in (18) are different from those
in [2] which consist of [2, Eq. (23)] and the 6pq term in [2, Eq. (24d)].
Hence, the statements which realize the Ampere's law contributions in YZA
are different from those in YZ of [2]. Lines 50-51, 74-75, 86-88, 93-99,
and 424-429 of YZ of [2] obtain the Ampere's law contributions. Line 50
of YZA puts T(IN) of (18) in PN1l. Line 73 puts the right-hand side of
(18a) in P1.

The index JQ of DO loop 15 obtains the subscript q which appears
in (18a) and (24). The index IP of DO loop 16 obtains the subscript p
which appears in (24). The purpose of the statement IF(IP.NE.JQ) in
lines 121, 270, and 424 of YZ of [2] is to check if the IPth interval
coincides with the JQth interval. If the IPth and JQth intervals coincide,
then the numerical evaluation of the integrals Gma in [2, Section IIT] is
affected and Ampere's law contributions are taken into account. However,
Y2 of [2] was not designed to accommodate a generating curve which closes
upon itself.

The subroutine YZA allows for a generating curve which closes upon
itself. Such a curve is treated in the following manner. A triangle
function whose peak is at the first data.point is needed and is obtained

by overlapping the last interval of the generating curve with the first




13

interval as in [1, Fig. 5]. This triangle function is called TNP_Z(t).
In addition to TNP—Z(t)’ the process of overlapping obtains the pulse
function PNP-l(t)' PNP_I(C) is not wanted because it is identical to
Pl(t). The effect of PNP_l(t) can be eliminated by discarding all matrix
elements (3) and (4) for which either E;i or g:j contain PNP_l(t). These
elements must be discarded after exit from YZA, because YZA does not con-
tain any logic for discarding matri elements.

Unfortunately, (18) was derived for a generating curve which does
not overlap on itself. If the last interval of the generating curve
overlaps the first interval, the quantities on the right-hand side of
(18) are still correct but more values of i and j are needed in (18)
when q=1 and q=NP-1 to allow for the overlapping so as to account for
all Ampere's law contributions to the matrix elements (3). It will be

shown that all Ampere's law contributions can be accounted for by de-

fining ZIP to be the electrical distance from the center of the JQth interval

to the center of the IPth interval and using the statement IF(ZIP.NE.O.)
instead of the statement IF(IP.NE.JQ). The statement IF(ZIP.NE.O.) appears

in lines 110, 259, and 408. If the generating curve does not overlap on
itself, the action of the statement IF(ZIP.NE.O.) is the same as the action
of the statement IF(IP.NE.JQ) and all Ampere's law contributions are accounted
for. However, if the last interval of the generating curve overlaps the

first interval, then it remains to be shown that (ZIP = 0.) obtains all

Ampere's law contributions.

If the last interval of the generating curve overlaps the first

interval, then ZIP is zero not only for
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IP=JQ =m, m=1,2,...NP-1 Case 1
but also for !
IP = 1
Case 2
JQ = NP-1
and for
IP = NP-1
Case 3
JQ =1

In what is to follow, the matrix elements Yéi? of (3) are viewed as
interactions between testing functions and expansion functions. The combi-
nation of Cases 1, 2, and 3 will give all Ampere's law contributions if it
covers all possible interactions between parts of testing functions on the 1
mth interval and parts of expansion functions on the mth interval for
m=1,2,...NP-2.
With regard to the Ampere's law contributions (18), the last state-

ment is more general than necessary because not all interactions between

testing functions and expansion functions are involved in (18). For

example, the interactions Y;§§ between t directed testing functions and t
directed expansion functions are not involved in (18) and neither are the

interactions Y'¢¢
nij

t
expansion functions. However, the matrix elements Yn

between ¢ directed testing functions and ¢ directed

t ¢

1 and Ynij of (6)
calculated by Y2 of [2] do have Ampere's law contributions. It would be
useful to know that YZ of [2] can be modified to allow for a closed gen-

erating curve by using the same technique as in YZA. This technique con-

sists of overlapping the last interval of the generating curve with the

first, replacing the statement IF(IP.NE.JQ) by the statement IF(ZIP.NE.O.),




|
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and deletling the matrix elements associated with P (t) after exit

NP-1
from the subroutine.

It is evident that the portion of Case 1 for which
IP=JQ=m m= 2,...NP-2

covers all possible interactions between parts of testing functions on
the mth interval and expansion functions on the mth interval for
m= 2,3,...NP~2. However, clarification is needed with regard to the
first interval because, due to the overlapping, the first interval is
sometimes disguised as the (NP-1)th interval.

All possible interactions between parts of testing functions on

the first interval and parts of expansion functions on the first interval

are listed as !
1) Th,_,(t) with o, ()
2) Ti(t) with Tgp_z(t)
3) P(t)  with Top ,(t)

b

4 Typ-z

(t) with Ti(t)
5) Ti(t) with Ti(t)

6) P (t) with Ti(t)

b
ID) TNP_Z(t) with Pl(t)

8) Ti(t) with P (t)
9) Pl(c) with Pl(t)

In each of the foregoing 9 interactions, the first function is the part
of the testing function and the second function is the part of the expan-

gsion function. Tgp_z(t) is the second part of the (NP-2)th triangle

e e oy e a m ——— s ak e el o e o T K it
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function, the downward sloping part. Ti(t) is the first part of the first
triangle function, the upward sloping part.
The interactions covered by Cases 2 and 3 and the parts of Case 1 for

which IP = JQ = 1 and IP = JQ = NP-1 are listed as

a
2) T{(t) with T, . (t)
b
3) P(t) with T, . (t) S
= Case 2
10) Ti(t) with P, (t) JQ = NP-1

11) Pl(t) with P (t)

b

a
4)  Typ_,(t) with T, (t) ,
a
12) PNP—l(t) with Tl(t) I = NP1
Case 3 R
b JQ =1
7 TNP_Z(t) with Pl(t) i

13) P with Pl(t)

np-1(®)

5) Ty(t) with T3 (¢)
6) P (t) with Tj(t) .
8) Ti(t) with Pl(t)
9) Pl(t) with Pl(t)

b b
1) TNP—Z(t) with TNP-Z(t)
b
14) P . (t) with T, ,(t) i
NP-1 NP-2 IP = JQ = NP-1 Part of Case 1
)
)

n
o

JQ Part of Case 1

b
15) TNP—Z(t) with PNP-l(t

16) P () with P o (t

NP-




F
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The preceding 16 interactions were numbered so as to facilitate compari-
son with the 9 interactions in the last paragraph.

Of the 16 interactions in the last paragraph, numbers 1 to 9 are the
interactions in the second from the last paragraph and numbers 10 to 16

are to be discarded because they contain P (t). Drawing an equivalence

NP-1
between the interactions in the last paragraph and the interactions in the
second from the last paragraph, we conclude that the combination of Cases 1,
2. and 3 covers all possible interactions between parts of testing functions
on the mth interval and parts of expansion functions on the mth interval

for m = 1,2,... NP-2., Hence, (ZIP = 0.) obtains all Ampere's law contribu-
tions when the last interval on the generating curve overlaps the first

interval. If such overlapping is intended, then the input arguments RH and

ZH of YZA must satisfy

RH(NP-1) = RH(1)
RH(NP) = RH(2)
(26)
ZH(NP-1) = ZH(1)
ZH(NP) = ZH(2)

exactly. Otherwise, the computed values of ZIP will not be zero in Cases
2 and 3,

With the intention of showing that YZA implements (24), we list in
Table 1 some variables in YZA whose values are different from those in

YZ of [2].
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Table 1. Comparison of some variables in YZA with those in

YZ of [2].
Line Variable Expression in terms of
in YZA in YZA variables in YZ of [2]
379 Wl 2.*W1
380 w2 2.%W2
385 H1C -.5%H1C
387 H3C 2.*H3C
388 H2C 2.%H2C
389 H3C 2.%*H3C
390 w3 -.5%W3
391 W4 ~-.5%W4
392 W5 -.5%W5
405 uc 2.*0C
406 UB 2.*UB
407 UF -.5*UF
411 VA 2.%UA
412 UB 2.*UB
415 uc -.5*%(UC-UD)
416 uD -. 5% (UC+UD)
417 UE 2.*UE

In Table 1, the variable in ﬁhe second column is defined by the statement
in YZA whose line number is given in the first column. The expression in
the third column is the value of the variable in the second column. The
values of the variables appearing in the third columm are the values which
exist in YZ just after the counterpart to the variable in the second column

has been defined in YZ. For example, the value of Wl in the first line of

the third column is defined in line 391 of YZ of [2]. As an exception, the
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value of UD intended in the third from the last line of the third column
is that defined by line 433 of YZ of [2]. Table 1 was constructed under
the assumption that no Ampere's law contributions come into play. This
amounts to assuming that lines 425-429 of YZ of {2] are not executed and
that lines 409-410 of YZA are not executed. The Ampere's law contribu-
tions (18) will be considered later.

The last 6 variables in the second column of Table 1 are used to
construct the matrix elements Y':S of (3). The statements in YZA which

nij
perform this task are listed in Table 2.

Table 2. Construction of matrix elements Y'rs

nij
1
Line Statement Matrix
in YZA in YZA element
461,476 Y(K1) = Y(K1) + UC y tt
’ B U,P‘lsQ'l
_ Jtt
466,483 Y(K2) = Y(K2) + UC ol
_ Jtt
448,477 Y(K3) = Y(K3) + UD g
453,484 Y(K4) = UD yrtt
ngq
t
- 1 ]
458,471 Y(K5) = Y(K5) + UA AN
- 10t
445,472 Y(K6) = UB Y
- td
: 449,462,478  Y(K7) = Y(K7) + UF Y g
! 454,467,485 Y(K8) = UF yrtd
: npq
¢ 489 Y(K9) = UE yréo +
npq

In Table 2, the variable being modified by the statement in the second

column represents the matrix element in the third column. For example,




Y(K1) which appears in the first line of the second column of Table 2 is

the storage location of the matrix element Y

n,p-1,q-1' The subscripts n,p,

and q appearing in the third column of Table 2 are given in terms of vari-

ables in YZA by

Here, M is the index of DO loop 31, M1l is one of the input arguments of

YZA, IP is the index of DO loop 16, and JQ is the index of DO loop 15.

In view of the fact that the variables UA, UB, UC, UD, UE, and UF appear-

ing in the second column of Table 2 are given by the last 6 entries of

the third column of Table 1, it is now evident that YZA implements (24).

From (18), the correct values of the Ampere's law contributions are

i(Aqﬂ(IN))/(qu). In the paragraph which follows (25) we established that

line 73 stores (Aqﬂ(IN))/(2pq) in P1., 1In the paragraph prior to the intro-

duction of Table 1, we concluded that the Ampere's law contributions come

Accordingly, lines 409-410 are executed when

into play whenever ZIP

ZIP = 0. The effect of line 409 is to add Pl to the values of UA and UB

Line 410 subtracts Pl from the value of UF

calculated by lines 411 and 412.

The previously mentioned variables UA, UB, and UF

calculated by line 407.

appear in the second column of Table 1 and were transferred to the second

column of Table 2.

It is now evident from Table 2 that execution of

t
lines 409-410 adds Pl to Yéﬁ o




001 C
602c¢
003
004
005
aqge
007
aQs8
009
oL0
att
Q12
o113
oLs
Q15
ate
017
o8
019
020
021
022
623
02ae
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
940
osl
0a2
043
a4a4
ca5S
aa6
047
048
049
050
051
052
053
054
05S
056
057
058
cs9
060

10

29
1
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LISTING OF THE SUBROUTINE YZA

THE SUBROUTINE YZA CALLS THE FUNCTION 8LOG

SUBROUT INE YZAIME s M2o NPy NPHIsNT o INsRHeZHe XoA s XToATyYeZ)
COMPLEX Y{2209)¢Z(2209) eV Ul ¢U2,U3:U4eUS,U6HLA+H2A,H3IA,GA(48)
CONPLEX GB(48)¢6GCI{48) +GD(A8) +GE(38) ¢HIBsHZBHIBHIC sH2C JHIC sHAA
COMPLEX HSAeHOAg HEBs H58e HEBaUAUB L UCIUDSUE UF «GLIAL 10)¢G2AL 10)
COMPLEX G3A(10)+G1B(L10)G2B(10)+G30(10):G1C(10)G2CL20),G3CL10)
COMPLEX GAA(L10)eGSA(10)eG6AL10)GAB(10)¢GSBIL0)G6B8(L10),CMPLX
OIMENSION RH{A3)oZH{A3)eX(A8)4A(A8B) ¢ XT(10)eAT(10)eRS(42).25(42)
ODIMENSION D(42)sDR(42)DZ(42),DM{32)sC1(48),C2(48),C3(43),C4(200)
OIMENSION CS(200)C6{200)4R2(10)¢Z2(10)R7(10)+27(10)

CT=2s

CP=el

00 10 1=2eNP

[2=1-t

RS(I2)=S5¢(RH{T1)+RH(12))

IF(RS(12).EG.0.) RS(12)=1,

ZS(12)==SSs(ZHL1)eZH(12))

D135 (RH{I)-RH(12))

D2%,5¢(ZHI{I)-ZH(12))

D(12)=SQRT(D)1¢D3+D2+D2)

DR{2)=01

DZ(12)=D2 {
DM{12)=D({12)/7RS(12)

CONT INVE

M3=M2~M1 41

MaA=ME-1

PI2=1 570796

PP=9, 86 9604

D0 11 K=1+NPHI

PH=PI2&(X(K)*l.)

Cl(K)=PH

C2(K)=PH*PH

SN=SIN( «S¢PH)

CIA(KI=4 s $SNESN

AL=PI28A(K)

DAze5%A18C3IK)

DS5=A1%COS{PH)

D6=AL1$SINI(PH)

NS=K

DO 29 M=1 .d3

PHM=( M4 +M } *PH

A2=C0S ( PHN)

Ca(M5)=048A2

CS(MSI=0S58A2

C6(M3 )I=D6SSINIPHN)

MS=MS +NPHI

CONTINUE

CONY ENUE

PN1I=234 1415938 IN

U={0aostle)

Ul=.5%

U2=2,%U

MP=NP—1

NT=NP—~1

N=MTEMP

N2N=NT¢N

NZ=NSN

JNm==t~N

DO 15 JO=L.NP




KQo=2
IF(JQeEQel) KO=1
IF(JQeEQa MP) KQ=3
R1=RS{(JQ)
Z1=25(JQ)
01=0(J4Q)
D2=0R(JQ)
03=02(JQ)
Da=D2/R1
05=0D1 /R1
Sv=02/D1
Cv=D3/D1
P1=PN] DS
P3=2.%01
Pa4=2,%0s
P5=04%D4
P6=D1%D1
P7=P63%0D1
T6=CT¢01}
T62=T6401
T62=T628T62
R6=CP8R1
R62=R6*R6
DO 12 L=1eNT
06=XT(L)
R2{L)=R14+02%D6
Z2(L)=Z1+03806
t2 CONTINUE
DO 16 IP=1.MP
R3I=RS{IP)
23=2S(1P)
RA=R1—-R3
Z8=21-23
U3=D28U}
Ua=03%U1
DO 40 L=1eNT
07=R2(L }-RJ3
08=22(L)-23
R7IL)=R3*R2(L)
Z7(L)=07%07+D8¢08
40 CONTINVE
PH2RAESVH+ZASCY
AL1=ABS{PH)
A2=AD0S (RAECV~ZA8SV)
D6=A2
IF(Al1.LE.D1) GO TO 26
D6=AL-D1
D6=2SART(DO6%D6 +A28A2)
26 ZIP=RA4*AA+Z4824
IF(ZIPeNEe Qe e ANDe{RG62GT4sD640R«T6LELDG6)) GO TO 4l
25=Z1P
RS=R3I*R1
PHM=,SERIESY
00 33 K=isNPHI
AL=C3(K)
RR=ZS5+RSSAL
HlA=0e
H2A=0.
HIA=0»
HAA=0.




121
122
123
124
12¢S
126
127
128
129
130
131
132
133
134
135S
136
137
138
139
t40
141
142
183
194
t4S
146
147
148
149
150
151
152
153
154
1S5
156
157
15¢&
159
160
161
162
163
L6646
165
166
167
168
169
170
171
172
173
174
175
L76
177
178
179
180

35

34

1

43

37

$2

3A
39

HSA=0.

IF(RRLY.T62) GO TO 34

DO 35 L=1eNY

W=Z7(L)*R7(LIGA}

R=SART (W)

SN==SIN(R)

CS=COS(R)

D6=AT (L /R

H1 B=D6/WSCMPLX (CS—RESN SN+RSCS)
HIASHIB ¢HIA

H28=XT(L)®HID

HZAZH2B+HZ A

H3IA=XT(L)¢H2B+H3A
H4B=D6¢CNPLX(CSeSN)
HAA=HAHB+HA A

HSA=XTIL ) ¢HAB+HSA

CONTINVE

GO T0O 36

DO 37 L=1eNT

#=2Z7CL)+R7(LIS*AIL

R=SQRT (W)

IF(ReGTeeS) GO TO 14

CS=RI{WE( < 5F43434E-2-WS, 173611LE-3)-6125)
SN=WS {2 333333TJE-1-WE,1190476E—-2)-3333333
HIB=AT(L)SCMPLX(CS»SN)
CS=R(WE( «AL66667E—1—-+1388889E-28W)—~,5)
SN=WE{Wk{ s 19841 26E-33W—-083333IJIE-2)4.1666667)1s
H4B=AT(L)$ CMPLX(CS,SN)

GO 7O 43

SN=-SIN(R)

CS=COS(R)

D6=AT(L)I/R

HIB=D6%( (CMPLX(CS~RESNsSN+RICS)~ 1)/ 6S)
HA4B=D6%CMPLX(CS—1 «sSN)

HAA=HIB *HLA

H2B=XT(L)*N18

H2A=H28+H2A

H3ASXT(L)*SHZB+H3A

HOA=HAB+HAA

HSA=XT(L)*HAB+HSA

CONTINUE

ALI=PH+PHMNE*AL

A2=ABS(Al)

R=RAR-A2%A2

06=A2-D1

D7=A2+D1

D6Z2=D6%06

D72=074D7

08=SART(D62+R)

D9=SART(D72+R)

IF(R-(RASLLE-S)) 52:,52,53
IF(D6eL To0s) STOP

WA= .5/0862~.5/7072

GO YO Sa&

waA=(D7/09-D6/708)/R

IF(D6.GE.O<) GO TO 38
WZALOGL (D7 ¢+09) $(-LC6¢DB)/R)

GO 70 39

w=ALCG((D74+D9) /(06¢D3))
Wiz(Wae,5¢wW) /D1

23




27

36

33

wW5=xA2/D01

W2=(eS5¢(09—DB)~1/7D9¢1./D8)/P6-WS5¢¥]
W32(o250(07¢09-D680A) +W-RE( WA+ 2580 ) I/PT-WS (2. 8W24WSSWL)

Nax=w/01

wWS=(D9-08—-A2%%)/P6
IF (Al «GE-O.) GO

w2=-w2

wS=—wS
HLIA=WL &H1 A
H2A=W2eH2A
H3IA=W3I¢HIA
HAA=MA+HAA
HSAZWSeHSA
GA(K)=HIA
GB(K)=H2A
GCIKI=H3A
GO(K)=HMA
GE(K)=HS5A
CONTINUE

K1=0

DO A4S N=1.M3
H1A=0.

H2A=0e

H3A=0e

H18=0.

H2B=0e

H38=0.

HIC=0.

H2C=0e

H3C=0.

HAA=0o

HSA=0e

H6A=0e

H4B=0e

HSB=0.

H6B=0e

DO 46 K=l NPHE
Ki=Ki+e¢l

06=CA (K1)
D7=C5{Kt)
08=C6(K1)
UA=GA(K)
UB=GBeixK)
UC=GCIK )
Uo=GDIX)
VE=GE(K)
HIA=ZDGSUASHIA
M2A=D78UA+H2A
NIA=ZD8SUAPHIA
H18=D6sUB+HIB
H28=07syB8+M428
MH3B=D8* UB+HIB
MIC=DG6*UCP*HIC
H2C=D78UC+H2C
H3C=D8sUC+HIC
HAA=DGS UD+HAA
MEA3D TOUD ¢HSA
H6A=080UD+HOA
HaB=DO6S UE+HAD
HSB=DT7oUL ¢HSE




241

242
243
244
245
246
247
248
249
250
251

252
253
254
255
256
257
2s5e
259
260
26
262
261
264
265
2¢€¢
267
268
26S
270
271

272
273
274
2715
276
217
278
279
280
281

282
283
284
2895
236
287
298
289
290
2918

292
293
294
2995
296
297
29¢
299
300

46

45

63

67

44

25

H68=D08¢ UE+H68
CONT INVE
GLA(N)=HIA
GZA(MI=H2ZA
GIA(M)I)=H3A
Gla(M)=HIB
G28(M)=H28
G38(MI=HID
GLC(N)=HLIC
G2C(M)=H2C
G3C{M)=H3C

GAALIM )=HAA
GSA(MN)=HS A
GOH6AL M )I=HEA
GaB(MI=HAB
GSB(M)~=H56

G68( NI=H68
CONTINVE
IF(ZIPeNE.De) GO TO 47
Al=058DS

08=0e

D9=0e

DO 63 K=1:NPHI
DO=D8+A(K)/SQRT(C2(K) +AL)
D9=DI+A(K)I*BLAGIDOS/C1(K))
CONT INVE
A2=3141593/05
D8=(BLOG(A2i~P12¢08)/7{(R5%R})
09=2+/R1¢#{BLOG(A2)+A28BLOGI1./7A2))-3.141593/7D1%09
DO 67 M=14M3
Gl1ALM)=DB¢+GLlA(M)
G2A(M)=0.
G28(M)=0.
G2C(M)=0.
G3A(NI=0.
GSA(NI=D9 +GSAIM)
CONTINUE

GO TO a7

DO 25 M=1.M3
GlLA(MN)=0.
G2A{M)=0.
GIA(MI=0.
Gl1E{NI=0.
G2B8C(N)=0e
G3IB(MI=0e
GI1C(M)=0.
G2C(MI=0.
G3C(MI)=0.
GAA(M)I=0.
GSA(M)=0e
GOA(M)=0.
GAB(M)I=0.
GSB(M)=0.

GGB{(M) =0,

CONT INVE

DO 13 Ls=ieNT
RS=R7(L)
25=Z7(L)

0O 17 K=1eNPHL
w=2256R5¢CI(K)

25




302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
222
324
329
326
327
328
325
330
331
332
333
334
335
236
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
3s2
353
354
35S
356
357
Jss
359
360

L7

62

St

32

N et

R=SQRT (W)
SN=—S IN(R)

CS=COS(R)

GA(K )J=CMPLX(CS~RESN ¢ SN+RICS)/7(WeR)
GDIK)=CNPLX{CSsSN)/R

CONTINUE

IF(R624LE-2ZS5) GO TO SI

06=0e

O7=0.

D9=0.

DO 62 K=t NPML

w2=C2(K)

W=1le/ (ZS*RSW2)

WI=A(K)ESART(W)

D6=06¢4 | s 20¥

DI=DT+ U1 (S+WE (144,125 WERSEW2%W2))
D9=D9+¥ 1

CONT INVE

WI=RS3/25

M2=PP oW

w=SQART (W2)

W3=le+W2

R=SORT(wW3)

WA=SQRT (RS)

WS=ALOG (W+R)

08=-P [2006-(W/R-NS) 7(RS&Y¥S)
D6=45308

D7=({{W/RE(ML—(c 1254+, 16666675W2)/H3) ¢.125%WS5)/RS5+.SWS)/WA-P 12407

09=wS/ AP 12909
AL=AT (L)
A2=XT(L)*®AL
A3=XTILIS®A2
Ki=0

DA 30 N=1,M3
W=N+MNe

HRA=0.

H2A=0«

H3A=0e

HAA=0e

H5A=0 e

H6A=0.

D0 32 K=1+NPHI
Ki=Kil+1l

H1 B=GA(K)
wa=CA (K1)
¥S=CS(K1)
w6=C6(X1)
HIA=WAEHIB ¢HI1A
H2A=WSSHIBSHZA
HIA<WEEHLIB+HIA
H1B=GD(K)
MHOA=NMASHLIB*HAA
HSA=WSSHLIB+NSA
HOA=WGE*HIO ¢HGA
CONT INVE
IF(RG62.LE«Z25) GO TO 44
HIA=06¢H1A
H2AZD 7~ (WoWS ]l o ) SD6+H2A
H3IA=WE DB+ HIA
HSA=09+HSA
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361 44 GLAI(MI=AL®HLA*GLA(N)
362 G2A(MI=ALEH2A+G2AIN)
3€3 G3IA(M)I=ALIHIA+GIA(N)
364 GIBIN)I=AZEHLIA+GLIB(M)
365 G2BI(MN)=A2¢H2ASG2B(M)
366 G3B(MI=A2BHIA+G3BINM)
367 GIC(MI=AISHLASGIC(M)
368 G2CIM)I=AI SH2A+G2C(M)
369 GICI(MNI=AI®HIA+G IC(M)
370 GAA(M )= ALFHAALGRA(NM)
371 GSA(M)=ALETHSA+GSA(N)
372 GOA(M )I=A1*HEA+GGA (M)
373 GAB(M)=A2EHAIASGAB(M)
374 GSBIN)=A2 SHSA+GSB( M)
375 GO6B(MI=A2¢HG6A+GE6B(N)
27¢& 30 CONTINVE
377 13 CONTINUE
378 47 A2=0LIP)
37s Wi=A2%{R4$03-Z4¢D2)
380 w2=-A2%R3¢D3
381 A3=DZ(IP)
332 06=DR(IP)
383 D7=244D6 {
384 D9=D03%06
aas HIC={D2#(RISAI 07 )-R15D9) U1
386 D8=A2%D1
387 H3C=DakU2
3€g H2C=Z 4%H3C
289 H3C=D3¢H3C
390 83=D1%(D7—-R4*A3)
391 Wa4=D1%(D9-D2¢A3)
392 WS=—D1*R1%A3
393 AL=DR(IP)
394 US=ALSU3
398 U6=A3*Us
396 06=—D2 #A2
3s7 D7=D1¢AL
398 A3=0M(IP)
399 JMN=JN
4Q0 DO 3% N=1.M3
401 H2A=G2A(M)
4902 HiIA=GLA(M)
403 H28=G28(M)
4040 HI1B=G1B{N)
405 UC=WISH2AMW28HIA
406 UB=wl*H2B+W2+HIB
407 UF2W38{ HZA#DASH2B )+ WA R (H2B84+DASG2C (M) )+WSH(HIA+PIEHIB+PSEGICIMY)
408 IF(Z2IP4NE«Oe) GO TO 48
4909 UC=ucC+p,1}
410 UF3UF-P |
411 48 UA=UC-UB
312 ug=uce+us
13 H3A=G3A (M)
14 H3B=G3B(N)
15 UC=H] C* (HIA-H3B)
al16 UO=HIC*(HIA+HIB)
a7 VEZH2CS{HIA®DAEH3B ) ¢HIC S{H3B+DA*G3C(M))
418 HS5A=GSA(N)
219 H5B=G3B(M)

420 HAA=GAA (M) e HSA
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421
422
423
424
425
426
427
428
429
430
431
442
433
434
435
436
437
438
439
440
41
442
443
444
4495
446
aa?7
448
4G
450
451
452
4513
434
455
456
457
458
45%
460
461
462
463
409
AheES
466
467
408
466
470
471
a72
a7l
av7s
L X&)
a7¢
arz
478
479
480

18

21

19

23

20

HAB=GAB(N) +HSB
HOA=GOA(N)
HOB=GO6B(N)
H3IA=USSHSASUGEHAA
HIB=USSHSB+UGSHAB
H1 A=N3A—-H18
H2AzH3A¢HIE
H3A=~UL*HAA
H18=D6®HO6A

w=M+Ne

Al=weAl
H2B8=D6¢H68—A1 $HAA
H38=D7*(H6 A+D4*H68)
HAA=WESD SSHAA
Ki=IPeIM

K2=K1+1

K3=K1+¢N

KA=XK2+N

KS=K2+MT

KE6=KA+MT

K7=K3 +N2N

KO=K& +N2N

K9=K8+MT

GO TO (18420+19)eKQ
Y{K6) =UB
Z{K6)=H1B8+H28

IF( 1P 4EQ.1) GO TO 21
Y(K3I)=Y (KI)+UD
Y{K7)=YI{KT7)+UF
ZIK3)=ZIKI)+H2A-H3A
Z(KT)}=Z(KT7)*H3IB-HAA
IF(IP.EQ.MP) GO TQ 22
Y{K4)=UD

Y (K8 )=U¥fF
Z{KA)=H2A*H3A
ZIK8)=H3B +HAA

GO TO 22
YIKS)=Y{(KSI+UA
Z(KS5)I=Z(KS)+H1D-H2B
IF(IP<EQ.1) GO TO 23
Y(K1)=Y (K] )eUC
Y(K7)=YIKTISUF
ZAK1I=Z (KL I+H1A+H3A
ZAK7)=2ZI(KT)+H3IB—HAA
IF(IP.EQeMP) GO TO 22
Y(K2)=Y(K2)+UC

Y (K8)=UF
ZI(K2)=Z(K2)¢#HL1A~-H3A
ZI(KB)=H3IB +HAA

GO TO 22
YIKS)I=Y(KS)+UA
Y(K6)=UB
ZIKS)=2Z(KS)eHI1B-H2B
Z{(X6)=H1B+H2B
IF(IP.EQ.L) GO TO 24
YiX1)=v{(K})}sUC
YIK3I )=V (K3 )+UD
Y(K7)=2Y(K7)¢UF
ZIK1I=2Z(K L DOHIAGHIA
ZIX3II=Z (K3 ) ¢H2A=HIA

481
482
483
a8a
485
486
'Y:14
488
489
490
491
492
451
494
a9s
496
497

24

22

31
16

15

ZIKTImZ (K7 )+HIB-HAA
IF(1P.EQ.MP) GO TO 22
Y(K2)=Y(K2)+UC
Y{K4)=UD

Yi{K8)=UF

ZIK2)=Z(K2) ¢HLA-H3A
Z(KQ)=H2ACH3A
Z(KB)=HIBIHAA
Y{K9)=UE
Z(KO)*UZO(Oat(NSAODQOHSB)—AI.N‘A)
JMNEJMEN2

CONTINUE

CONT INUE

JN=JINEN
CONTINUE
RETURN
ENO




III. THE FUNCTION BLOG AND THE SUBROUTINES PLANE, DECOMP, AND SOLVE

The function BLOG is exactly the same as in [3, page 56]. The
only difference between the subroutine PLANE (of the present report)

and the subroutine PLANE of [3, pages 57-62) is that the statement

IF(R1.EQ.0.) Rl = .5

in line 39 of PLANE has no counterpart in the subroutine PLANE of [3,

pages 57-62]. The action of this statement is similar to that of the
statement in line 17 of the subroutine YZA. Except for a difference

in the actual space allocated to the variables UL, SCL, and IPS, the
subroutine DECOMP is the same as the subroutine DECOMP of [3, pages 63-64].
Minimum allocations in DECOMP are the same as those in the subroutine
DECOMP of [3, pages 63-64). The subroutine SOLVE differs from the sub-
routine SOLVE of [3, pages 63-64] only in the actual space allocated to
the variables UL, B, X, and IPS. Minimum allocations in SOLVE are the

same as those in the subroutine SOLVE of [3, pages 63-64].
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oo1C
002
003
00a
005
006
007
008
009
oic
o1l
012
c13
o1a
o1s
c16
017
018
019
020
021
022
023
024a
02s
026
027
028
029
LET
031
032
032
034
035
036
037
033
c39
040
cal
ce2
043
0aa
0as
cag
0a7
oas
049

11

13

23

8 ik RS e T TR

LISTING OF THE FUNCTION BLOG

FUNCTY TON BLCG(X)

[F(XeGTeel) GO YO 1

X2=mX$X

BLOG=((.0758X2~-.1666667)+X2+1,) X

RE TURN

BLOGIALOG( X+SART( 1. +X%X))

RETURN

ENO

LISTING OF THE SUBROUTINE PLANE

SUBROUT INE PLANE(MLIsM2,NF eNP¢NTsRHoZHe XToAT ¢ THR 4R)
COMPLEX R{240)eUsUL sUAJUBWFA{10).FBLLIO0) F2A4F204F1AFIB.U2,U3,U8
CONPLE X USCMPLX

DIMENSION RH{A3)+ZH(43)sXTU10)+AT(10) ¢ THRE3) CS{3)eSN(3)R2(10)
DIMENSION 22(101),8J5(50)

MP=NP— |

MT=MP-1

N=NT + M

N2=2aN

DO 11 K=L.NF

X=THR(K)

CS{KI=COS(X)

SNE(K)ISSIN( X) (
CONT INVE

Uz(0eole)d

UiI=3e 14 1593¢UsENL

M3=ML ¢L

Ma=M2 +3

IF(M1EQ.0) M3I=2

MS=M1+2

N6=M24+2

DO 12 IP=]l.MP

K2= (P

I=1Pe¢1}

DR=LSS(RH{II~RH{IP))

DZ=eS5¢(ZH(1)-ZH(IP))

D1=SART(OR*DR+0Z¢0Z)

R1=e25% (RH(I)¢RH(IP))

IF(R1¢EQe Qo) RI=m,S

ZA=SE{ ZH( L) +ZHLLP))

DR=<SSDR

02=DR/R1

DO 13 L=14NT

R2(L)=R1+DR*XT (L)

Z2L)=214+D02¢XT(L)

CONTINUE

DO 14 K=14NF

CC=CS(K)

$S=SN(K)

03=0R*CC

DA=-DZ#SS

DS=0)1¢CC

DO 23 M=M3eMA
FA(M)=0o
FB(M)=0,

CONT INVE

D3 1S L=l NT
x=S$SsR2(L)
IF(XeGTne5E~7) GO TO 19
00 20 MaMIeM4




o6t
co2
062
064%
065
060
067
064
069
070
o071
cr2
Q73
[ X
Q7S
076
0’7
078
o779
080
oyl
caz
oaz
oda
cas
086
087
ces
039
090
a9t
092
093
094
035
096
097
c98
099
1900
101
102
103
104
105
1006
1Q7
138
106
110
111
tt2
113
114
(5
118
117
R %]
ite
120

20

19

16

17
24
13

25
15

26

21

22

BJIIM)=0e

CONTINUE

B8J(21=1e

S=le

GO TO 18
Mx2.88X¢18e~2./X

IF (X el TaeS) M=11.8¢ALOGL1O(X)
IF(NLTL MY N=NS
BII(MI=0e

JM= M-

B8J(JM)=1le

D0 16 J24eNM

J2=JM

JM= -1

Ji =JM-}
BJ(JM)=JI/X'BJ(JZ,'BJ‘JNOZ,
CONT INJE

$=0e

IF{M.LEa4) GO TO 24

DO 17 J=8¢MNe2
$=5+8J404)

CONTINUE

S=08J(2)+2.%S
ARG=Z2(L)*CC
UA=AT(L)IS'C“PLX(COS(ARG)0SIN(ARG,)
UBxXT (L YSUA

DO 25 M=MI . N&
FA(N)ng(H)‘UkiFA‘M)
FB‘HDSBJ‘N)‘UB§FB(N’
CONTINUE

CONTINUE

IF (M1l «NEa0) GO TO 26
FA(L)=—FA(3)
Fa(1)=—FB(3)

UA=U]

DO 27 M=MSe N6

N7xM-1

NO=M¢+ 1
FZA=UA.(FA(“B)0FA(M7))
FZB‘UA.(FG(ICIOFB(M7,’
uBz=U*UA
FIASUB.(FA(NS)*FQ(N7))
FIBSUBO(FB("B)—FB(N7))
UeasDs sUA
U2=DJ‘F1AOU‘.F6|M’
US=03‘FIB'U4‘FB(")
UA=DRSF2A

USsDR&F28

Kj=K2-1

Ka=K ] N

KS=K2¢N
H(KZON')=‘DS.(fZAODZ‘FZB)
“(KSON')’O[‘(FIAQDZ.FIO)
(IFCIP.EQ.t) GG TO 28
RIKL)=R(KL)*U2-UI
RIKAIZR(KA)SUL-US
LtF(IPEQeMP) GO TQ 22
R(K2)=U2¢UI
REXS5)=VAFUD

K2xK24N2

31




32

121
222
123
124
125
126
127C
128
129
t30
131
132
133
134
135
136
137
138
138
140
141
142
143
184
145
136
147
148
147
150
151
152
152
154
155
156
t57
158
159
160
161
162
163
164
165
166
1A7
168
169
17¢
171
172
173
174
17s
176
(A
L78
129
180

27
14
12

[

10

11

14

15

18

16

1?7

UA=LS

CONTINUE

CONTINUVE

CONTINUE

RETURN

END

LESTING OF THE SUBROUTINE DECOMP
SUBROUT INE DECOMPIN,IPS,UL)
COMPLEX UL(62381),PLIVOTEN
OIMNMENSION SCL{79)+IP5(79)
DO S I=1sN

PsS(1)=1

RN=0¢

Ji=1

00 2 J=1eN

UL M=ABS{REALIUL(J1)))I+ABSC(AINAGIUL(J1D )
JEISJLeN

EFCRN-ULM) 1e2¢2

RN=ULM

CONT INUE

SCLE1)=1e/RN

CONTINVE

NM1xN-1

K2=0

00 17 XK=zloNM1

BIG=0.

00 11 §=KeN

I1P=1PS{I)

I1PK=1 P+ X2

SIZE=(ABS(REAL(ULIIPK) ) +ABSIALNAGLULLIPK)))ISSCLLIP)

IF(SIZE-BIG) 11s11410

81G=SIZE

Pv=g

CONT INVE 181
IF{IPV=K) 14515514 182
J=IPSIXK) 183
IPSIK I=IPS(IPV) 188
IPSUIPV)I=J 135
KPP=IPS(K) K2 186
PIVOT=ULIKPP) 187
KPL=K4] 188
00 16 I=KP1leN 189
KP=KPP 190
I1P=iPSE L) ex2 191
EM=~R (IP) /P IVOT 192
UW(LP)=—EM L93
DO 16 J=KPJeN 194
I1P= PN 195
KP=KP¢N 196
UL (IR I=UL L IP ) SEMSUL(KP) 197
CONT INVE i98
K2mK2eN 199
CONT INVE 200
RETURN 201
END 202

LISTING OF THE SUBRQUTINE SOLVE 203
SUBROUT INE SOLVE(N, IPS,ULs BeX) 20s
COMPLEX UL (6241)8(79)eX{79)sSUM 20%
DIMENSION EPS(T9) 20¢
NPi=Ne1 207

1P=IPS(1)
Xt1)=8(IM

DO 2 I=2.N
IP=IPS(I)

1pe=1Ip

ML=~

SUN=0,

DO 1 J=l,1IM1
SUNSSUNSUL (IP)eX(J)
IP=IP+N
X(1)=8(1P8)~SUM
K2=Ne(N~1)
IP=IPS(N)+K2
X{NI=XEN)7ULCIP)

00 4 IBACK=2,N
I=NPL—~L BACK
K2=K2-N
IRI=IPSLL) eK2
1Pi={+})

SUN=0e

(p=(Pf

00 3 J=mIPl N
IPiPeN
SUMASUMSUL (IP) XL J)
X{1)=m{XE€E)-~SUNI/ZULLIPIL)
RETURN

END
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IV. THE SUBROUTINE PRNT

The subroutine PRNT uses knowledge of the superscripted Inj's or
an's and the k+ Bt's in a portion of [1, Egqs. (87a), (88a), and (89a)]
and in the corresponding portion of [1, Eqs. (87b), (88b), and (89b)]
in order to calculate and print out these portions of [1l, Eqs. (87)-
(89)). By calling the subroutine PRNT repeatedly, it is possible to
print out all the quantities on the right-hand sides of [1, Eqs. (87)-
(89)] except those for the cases in which j=1 and j==N+ in (1, Eq. (87a))
and j = M++-l and j==ﬁ+4-M in [1, Eq. (89a)]. PRNT is not designed to
treat these cases. They are included in [1, Eqs. (87a) and (89a)] merely
for convenience.

Except for the cases in which j=1 and j==N+ in {1, Eq. (87a)]
and j=M++l and j=M++M in [1, Eq. (89a)], any portiom of [l, Eqs. (87a),

(88a), and (892)] can be written as

ClL * XX(J + JX)/RA(J + J33), J = 1,2,...J1 (27)

and the corresponding portion of [1, Eqs. (87b), (88b), and (89b)] can

be written as

C2 * XX (J+J1+JX)/(RA(J+J4-1) + RA(I+I4)), J = 1,2,...32 (28)

In (27) and (28), XX represents the In 's or Vn 's of [1}, and RA repre-

3 ]
-

sents the k+ p 's of [11. In (27), Cl is either e, or 2j. In (28),

C2 is either 4j or 26n. The sum of the two RA's in the denominator of

(28) is due to [1, Eq. (12)]. The complex numbers (27) are t directed

A Y
currents, either electric or magnetic. The complex numbers (28) are ¢

directed currents. The set of complex numbers (28) is linked to the set




(27) by the fact that the XX's used in (28) occur immediately after those

used in (27).

First, the subroutine PRNT (J1, J2, J3, J4, RA) prints out the real
part, the imaginary part, and the magnitude of each of the complex numbers
(27) under the heading which appears in statement 10. Then, PRNT
prints out the real part, the imaginary part, and the magnitude of each of
the complex numbers (28) under the heading which appears in statement 13.
The variables in (27) and (28) enter PRNT by means of the arguments of
PRNT and the statement

COMMON C1, C2, XX, JX
in line 6. If J1 = 0, nothing from (27) is printed out. 1If J2 = O,
nothing from (28) is printed out. All the arguments of PRNT are input
arguments. The common variables Cl, C2, and XX are input variables.
However, the common variable JX functions as both an input variable and

an output variable. PRNT adds J1+J2 to the original value of JX.

Minimum allocations in PRNT are given by
COMPLEX XX(J2+ J1+ JX)
DIMENSION RA(Max(J1+J3, J2+ J4))
where Max denotes the larger of the two values in the parentheses. Of
course, the space allocated to XX in the calling program must be exactly
the same as the space allocated to XX in line 4 of PRNT.
DO loop 11 prints out the complex numbers (27). Line 14 obtains
(27). DO loop 14 prints out the complex numbers (28). Line 27 obtains

(28).




001 C
gQ2
03
Q04
00S
006
co7
oo0¢g
009
oto
o111
o012
013
o114
ols
o116
c17
o118
019
020
o021
o022
G23
cz2a
02¢
o026
027
028
029
030
031
032

10

12
11
15

13

14

LISTING OF THE SUBROUTINE PRNT
SUBROUTINE PRNT(J1eJ2¢J03¢J4+RA)
COMPLEX C1,C2,U

COMPLEX XX(79)

O IMENSION RA{43)

COMMON CleC2eXX o JJX
IF(J1EQ.O0) GO YO 15
WRITE(3+10)

FORMAT(®*0 REAL JT IMAG JT
K3=J43

00 11 J=1.41

K3=K3+1

IX=JX+1

U=CL/RA(KI ) *XX( JX)

w=CABS{U)

WRITE(3.,12) UV
FORMAT{1X+sJE1Lle4)

CONTINVE

IF(J2+EQ+0) RETURN
WRITE(3.,13)

FORMAT(®0 REAL JP INAG JP
K4a=J4

00 14 J=1,.J2

IX=JX+1

K3=K4

K4a=Ks+1

U=C2/7(RA(KII+RA(KA) IEXX{IX)
w=CABS{VU)

WRITE(3+12) U.Ww

CONTINUVE

RETURN

END
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V. THE MAIN PROGRAM

The main program accepts input data and calls the subroutines YZA,
PLANE, DECOMP, SOLVE, and PRNT in order to calculate and print out [1,

Eqs. (87)-(89)]. The input data are read from punched cards according to

READ(1,15) NT, NPHI
15 FORMAT(213)
READ(1,10) (XT(K), K=1, NT)
READ(1,10) (AT(K), K=1, NT)
10 FORMAT (5E14.7)
READ(1,10) (X(K), K=1, NPHI)
READ(1,10) (A(K), K=1, NPHI)
READ(1,16) NA, NB, MA, MB, MC, LA, LB, LC,
M1, M2, BK, UR, ER, THR(1)
16 FORMAT(1013/4E14.7)
READ(1,18) (RA(I), I=1, NA)
READ(1,18) (ZA(I), I=1, NA)
18 FORMAT (10F8.4)
READ(1,18) (RB(I), I=1, NB)

READ(1,18) (ZB(1), I=1, NB)

Most of the input variables in the main program represent variables
in [1] and [2]. Table 3 relates input variables in the main program to
variables in [1] and [2]. The input variable NT in Table 3 represents both n and

N It is assumed that n_=n, in the main program. The Gaussian quadrature
(m) () (n) (n¢)

data Xor s AQ, s Xy , and A2 are given in [4, Appendix A]. It is
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Table 3. Input data for the main program,
Variable in Variable in Equation or figure
main program [1] or [2} number in [1] or [2]

NT n, = ng, [2, Eqs. (35) and (79)]

NPHI n, [2, Eq. (36)]
(nt) :

XT X1 s L' = 1,2,...nt [2, Eq. (35)]
(nt)

AT AQ. , ' = 1,2,...nt (2, Eq. (35)]
(n¢)

X X, , & = l,2,...n¢ {2, Eq. (37)]
(n¢)

A A , 2 =1,2,...n [2, Eq. (36)] {
2 ¢

NA N [1, Fig. 4]

NB N [1, Fig. 5]

MA M [1, Fig. 4]

MB M [1, Fig. 5]

MC M {1, Figs. 4 and 5]

BK K [1, Eqs. (73)-(84)]

UR N (1, Fig. 1]

ER e /et (1, Fig. 1]

THR(1) b, [1, Eq. (92)]

RA B;, j=1,2,...8 (1, Eq. (11)]

ZA E}, j=1,2,...N [1, Eq. (11))

RB 53, j=1,2,...N (1, Eq. (11)]

ZB E;, 3= 1,2,...N {1, Eq. (11)]

- . ad IV Gl I TRl . 31 AT bW LoplhiaT ® 2 n 8 1
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+ -
assumed that N > 3, N >3, and M > 1. It is also assumed that either

Mt =0 Mt > 0 N oM - M=o
_ or _ and that either _ _ or
M =20 M >0 N -M -M=0
N oM -M>o0 Mt =0
_ _ . 1f _ , then there is no conductor below
N -M -M>0 M =0

N oMt M=o
the aperture as in [1, Fig. 18]. If , then there is

N -M ~M=0
no conductor above the aperture as in [1, Fig. 10}. In Table 3, THR(1l)
is in radians.
The input variables LA, LB, LC, Ml, and M2 are not listed in Table 3.
The input variables LA, LB, and LC allow for generating curves different

from those in [1, Figs. 4 and 5]. LA, LB, and LC are either 0 or 1.

+
LA = 0 1if the generating curve of the surface (S + A)
does not close upon itself.

+
LA =1 if the generating curve of the surface (S5 + A)

closes upon itself.

3
o

LB if the generating curve of the surface (S~ + A)
does not close upon itself.

LB =1 if the generating curve of the surface (S“ + A)

closes upon itself.

LC = 0 if the generating curve of the aperture does not

close upon itself. i

LC = 1 if the generating curve of the aperture closes
upon itself.
For example, LA = 0, LB = 1,and LC = 0 for the generating curves in [1,

+ +
Figs. 4 and 5]. If LA =1, it is assumed that M >land N - M -M> 2,

L“.;_ﬂ-;:_A s




39

If LB = 1, it is assumed that M > 1 and that N - M - M>2. LC=1
implies that the object under consideration reduces to a homogeneous
material obstacle with parameters (u-, € ) in contrast with the parameters
of the external environment. As for Ml and M2, [1, Eqs. (87)-(89)] are
printed out for n = M1, Ml + 1,...M2.

Minimum allocations in the main program are given by

COMPLEX XX(N), YP(M*JA*JA), ZP(M*JA*JA),
YM(M*JB*JB), ZM(M*JB*JB), R(2*M*JA),
T(N*N), Y(N)
DIMENSION XT(NT), AT(NT), X(NPHI), A(NPHI), RA(NA),
ZA(NA), RB(NB), ZB(NB), IPS(N)

where

4 4
7 LIA(I) + J LIB(I) + L2(1) + L2(2) + L3(1) + L3(2)  (29)

N =
1=1 1=1
M=M2-M +1 (30)
JA =2 % NA -3 (31)
JB =2 *NB -3 (32)

The L's on the right-hand side of (29) are calculated in the main program.
At any rate, N is the order of the moment matrix Tn given by [1, Eq. (33)].
At the end of this section, the main program is listed along with
gample input and output data. The sample data are for the object of
[1, Fig. 13] with k'a = 2.5 and €= 2as in [1, Fig. 17]. The output data
printed under the heading "Electric current on first part of outside con- '

ductor' are, with reference to (1, Eq. (87)],

I, =23, (33
and n J |
DAMOS RIS I Ny (34)

f
\ PO Vo TR U S e e TV VAL e - - “
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The real and imaginary parts and magnitudes of (33) are printed under
the heading "Real JT Imag JT Mag JT." The real and imaginary parts
and magnitudes of (34) are printed under the heading '"Real JP 1Imag JP
Mag JP." The output data printed under the heading "Electric current

on second part of outside conductor" are '

- +
J;+8(t;), j=M++M+1, M O+ M+ 2,8 -1 (35)
and
+ + +
JTe(tg), j=M +M, M +M+1,...N -1-1A (36)

The output data printed under the heading "Electric current on first part

of inside conductor'"are, with reference to [1, Eq. (88)],

JE‘Q(E;), §=2,3,...M (37)

and

"
-
ro

-
w
-
=

Ji'e(t;), 3 (38)

The output data printed under the heading "Electric current on second part

of inside conductor" are
Ji-e(fg), JeM +M+1, M +M+2,...N -1 (39)
and
$-8 p- o - -
3 (tj), §j=M +M, M +M+1,...N -1-1B (40) i

The output data printed under the heading "Electric current in

aperture'” are, with reference to [1, Eq. (87)],

IPED. g =M e, M a2 M e (1)
and :
00y, gawtea, Me2, . M eN-1 -1 (42)

n J




41

If, as in [1, Fig. 18], there is no conducting surface below the aper-
ture, then j = M+ + 1 1s deleted in (41). If, as in [1, Fig. 10], there
is no conducting surface above the aperture, then j = M+ + M is deleted
in (41). The output data printed under the heading "Magnetic current in

aperture" are, with reference to [1, Eq. (89)],

Mﬁe(E;), j = Mo+ 2, M+ 3,...M+ +M-1 (43)
and
Mﬁe(t;), =M+, M2, .+ N-1-1c (44)

If, in any of (33)-(44), the upper limit on j is less than the starting
value of j, then no values of j are to be taken. For example, if M+ =]

in (33), then no values of j are to be taken in (33).
+
]
are needed in [1, Eqs. (87)-(89)] when n > 1. In the main program, lines

Since [1, Eq. (12)] is used for p,, the factors 2, 4i, 2j, and &4
48-51 store these factors in C3, C4, C5, and C6. Line 53 stores in BB
the propagation constant of the medium characterized by (W, €) in

{1, Fig. 1]. This propagation constant is called k . With regard to

(1, Eq. (33)], line 54 stores nr in ET and line 55 stores 1/nr in ET1.

DC loop 23 puts k+5; in RA(I) and k+;; in ZA(I). DO loop 24 puts
k-B; in RB(I) and k'EI in ZB(I).
pqt pPq*
The elements Ynij and Znij of the submatrices on the right-hand

side of [1, Eq. (33)] are given by [1, Eqs. (36) and (35)]. The testing
+ +
1 3
and (35)]. However, the submatrices supplied by the subroutine YZA are

functions Ez and the expansion functions g: appear in (1, Eqs. (36)

+ s
Y;rs_ and Z:s” whose elements are defined by

TR e s W
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rst r+ r, st
Yiivgr T T Whe B, 00 (45)
r=t,$
s = t,¢
eri - - <wri 1 Et(Jst 0)> (46)
ni’j’ ni"’ ni ~ni'’

Equations (45) and (46) are (3) and (4) with the superscript * appended,

with i replaced by i', and with j replaced by j'. 1In (45) and (46), the

+ +

testing functions are E;E, and the expansion functions are gﬁ;,. To
. pq? £ (TSt pq* £ rs*
obtain Ynij rom Yni'j' and Znij rom Zni'j

+
in terms of gﬁ;.. From [1, Eqs. (23), (24), (27),

+
1» We must express wp. in
-ni

hd +
i ]
(28), (30), and (37)], we obtain

terms of Wr ., and Jq
-n -n

*

+ %
£ - 2 @)

where * denotes complex conjugate. [1, Eq. (48)] and (47) state that the

testing functions are the complex conjugates of the expansion functions.

*

+
in terms of wr‘. will be similar to the
i -ni

Hence, the expressions for Eg

*
3

st
in terms of J . ,.
“nj

*

it

expressions for g: in terms of gﬁ Consequently, it suffices to ex-~

+
J
{1, Eq. (16)] with the choice of superscript + is rewritten as

q
press gﬂ

g:j,, 3' = 14MIA(1), 24#M1A(1),... L1A(1) + MIA(1) (48a)
IV, 3t = 14M1A(2), 24MIA(2),... LIA(2) + MIA(2) (48b)
1+ 0]
J -
-nj +
Iy 11 = MHMIAG), 2HM1A(3), ... LIAGD) + MIA(3) (48¢)
g:j,, J' o= 14MIA(4), 24MIA(4),... LIA(4) + MIA(4) (48d)

where




t+ . -+ .
J+ inj' ’ j 1’ 2,-'- N -2 (498) ?
3’ o+ + +

j' =N -1, 8, ... n"-3 (49b)

The vector functions (49a) are the t directed expansion functions on the
+
surface (S + A) in {1, Fig. 4). The vector functions (49b) are the ¢

directed expansion functions on the surface (S+ + A) in [1, Fig. 4].

Instead of expressing each j' in (48) in terms of j, we state that gi; ]
{

is the jth vector function listed on the right-hand side of (48). For

. 1+ _ +
example, if j = L1A(1)+3 and if L1A(2) >3, then gnj ln,3+M1A(2)'

In (48),
LIAC1) = Max(0, M - 1) (50a) .
L1A(2) = M' (50b)
L1A(3) = Max(0, N' - M' - M - 1) (50¢)
LIAG4) = N - M - M- 1A (50d)
MIA(L) = O (51a)
MLA(2) = N'-2 (51b)
MIA(3) = M + M -1 (51c)
MIAGL) = NT + M + M -3 (51d)

where Max denotes maximum value. The parameters (L1A(I), I=1,2,3,4)
and (M1A(I), I=1,2,3,4) are calculated by lines 64~71 of the main
program.

The vector functions (48a) are the t directed expansion functions

on the first part of the outside conductor. The first part of the
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outside conductor is the part of S+ below the aperture in [l, Fig. 4]. The
vector functions (48b) are the ¢ directed expansion functions on the first
part of the outside conductor. The vector functions (48c) are the t directed
expansion functions on the second part of the outside conductor. The second
part of the outside conductor is the part of S+ above the aperture in [1,
Fig. 4). The vector functions (48d) are the ¢ directed expansion functions

on the second part of the outside conductor.

gnj., j' = 1+M1B(1), 2+MIB(1), ... LI1B(1) + M1B(1) (52a)
g;j,, j' = 1+M1B(2), 2+M1B(2), ... L1B(2) + M1B(2) (52b)
1- =
L3 N
gnj,, j' = 14M1B(3), 2+M1B(3), ... L1B(3) + M1B(3) (52¢)
g;j,, j' = 1+MIB(4), 2+4M1B(4), ... L1B(4) + MIB(4) (52d)
where
t- -
gnj, , j'=1,2,... N =2 (53a)
oy

1]

' _— = -_
LAV N -1, N ,... 2N -3 (53b)

The vector functions (53a) are the t directed expansion functions on the
surface (S + A) in [1, Fig. 5). The vector functions (53b) are the ¢
directed expansion functions on the surface (S + A) in [1, Fig. 5]. Equa-

tion (52) means that gi; is the jth vector function listed on the right-

hand side of (52). 1In (52),

L1B(1) = Max(0, M - 1) (54a)
L1B(2) = M . (54h)
L1B(3) = Max(0, N ~ M - M~ 1) (54¢)
LIB(4) =N -M -~ M- LB (54d)




M1B(1)
M1B(2)
M1B(3)

M1B(4)

The parameters (L1B(I), I =

lated by lines 72-79 of the

=0
=N -2
=M +M-1

N +M +M-3

i
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(55a)
(55b)
(55¢)

(55d)

1,2,3,4) and (MIB(I), I = 1,2,3,4) are calcu-

main program.

The vector functions (52a) are the t directed expansion functions

on the first part of the inside conductor and (52b) are the ¢ directed

expansion functions there.

The first part of the inside conductor is the

part of (S + A) below the aperture in {1, Fig. 5].

The vector functions

(52c) are the t directed expansion functions on the second part of the

inside conductor and (52d) are the ¢ directed expansion functions there.

The second part of the inside conductor is the part of (S  + A) above the

aperture in (1, Fig. 5].

[1, Eq. (17)] with the choice of superscript + is rewritten as

st ' o
iﬂj' ’ j
2
-nj
+ v
_‘_J_an ’ j

where J+,, is given by (49). Equation (56) means that J
-nj “n

1+M2A(1), 24M2A(Q1),

I+M2A(2), 2+M2A(2),

v

vector function listed on the right-hand side of (56).

L2(1) =

MY # 0, LIAY)
MY =0, LIAGS)
M* £ 0, LIA(S)
M' =0, LIA(4)

... L2(1) + M2A(1) (56a)
L2(2) + M2A(2) (56b)
2; is the jth
In (56),
(57a)

—
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L2(2) = M - 1 - LC (57b)
M2A(1) = Max(0, MY - 1) (58a)
M2A2) = N -2+ o (58b)

where L1A(4) is given by (50d). The parameters L2(1), L2(2), M2A(1),
and M2A(2) are calculated by lines 80-85 of the main program.

The vector functions (56a) consist of the t directed expansion
function which straddles the first part of the outside conductor and the
aperture, the t directed expansion functions in the aperture, and the t
directed expansion function which straddles the aperture and the second
part of the outside conductor. The vector functions (56b) are the ¢
directed expansion functions in the aperture. Four different cases are
necessary in (57a) because there is no t directed expansion function
which straddles the first part of the outside conductor and the aperture
if the first part of the outside conductor is absent and there is no t
directed expansion function which straddles the aperture and the second
part of the outside conductor if the second part of the outside conductor

is absent.

(1, Eq. (17)] with the choice of superscript - is rewritten as

ﬂnj' , 3' = 14M2B(1), 2+M2B(1), ... L2(1) + M2B(1) (59a)
2- _
Jnj'
g;j, , §' = 14M2B(2), 24M2B(2), ... L2(2) + M2B(2) (59b)

h|
vector function listed on the right-hand side of (59). 1In (59), L2(1)

where J-j' is given by (53). Equation (59) means that gi

is the jth
2
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and L2(2) are given by (57). M2B(1) and M2B(2) are given by
M2B(1) = Max(0, M - 1) (60a)
M2B(2) =N -2+ M (60b)

M2B(1l) and M2B(2) are calculated by lines 86-87 of the main program. The
vector functions (59a) consist of the t directed expansion function which
straddles the first part of the inside conductor and the aperture, the t
directed expansion functions in the aperture, and the t directed expansion
function which straddles the aperture and the second part of the inside
conductor. The vector functions (59b) are the ¢ directed expansion func-
tions in the aperture. Because of [l, Eqs. (15b) and (15d)], the vector
functions in the aperture in (59) are the same as the vector functions in
the aperture in (56).

[1, Eq. (22)] is rewritten as

g:j, , ' = 1+M3A(1), 24M3A(1), ... L3(1) + M3A(1) (61a)
R
1j

g:j, , 4" = 1+M3A(2), 2+4M3A(2), ... L3(2) + M3A(2) (61b)

+ 3+
where Jnj' is given by (49). Equation (61) means that lnj

vector function listed on the right-hand side of (61). In (61),

is the jth

: L3(1) = Max(0, M - 2) (62a)
, L3(2) = L2(2) (62b)
‘ M3A(L) = M (63a)

MA2) = N - 2 + u (63b)

where L2(2) is given by (57b). L3(1), L3(2), M3A(l), and M3A(2) are

LY . Y e i — i - < L T AP PIETY & NPT




calculated by lines 88-91 of the main program. The vector functions

(6la) are the t directed expansion functions in the aperture. The vector
functions (61b) are the ¢ directed expansion functions in the aperture.

Replacement of the superscript + in [1, Eq. (22)] by the super-
script - gives

t-

gn’j+M_ , 3= 1,2, ... M=2
3-
Ba (64)
50 = M-1, M, ... 2M-3

Sn, M - M2 0 d

Equation (64) is consistent with {1, Egs. (22), (37), (15b), and (15d)].

Equation (64) can be rewritten as {
i;j' , j' = 14M3B(1), 2+M3B(l), ... L3(1) + M3B(1) (65a)
J3T =
-nj
g;j, , j' = 14M3B(2), 2+M3B(2), ... L3(2) + M3B(2) (65b)

where g;j, is given by (53). Equation (65) means that ;IiJ_ is the jth
vector function listed on the right-hand side of (65). In (65), L3(1)

and L3(2) are given by (62a) and (62b). M3B(l) and M3B(2) are given by

M3B(1l) = M (66a)

M3B(2) =N -2+ M (66b)

M3B(1) and M3B(2) are calculated by lines 92-93 of the main program. The
vector functions on the right-hand side of (65) are the same as those on
the right-hand side of (61).

To accompany the expansion functions g; y of (49) and (53), testing

§

4
functions W ,, are defined by
i
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Equations (49), (53), and (67) allow (45) and (46) to be recast as

,t + t +
TR R N ()
Zi _ <wt 1 R - 69
ni'j' ni' ° nt E‘(Jnj' > 0)> (69)

Expressions (68) and (69) are the matrix elements supplied by the sub-
routine YZA.

Line 94 stores in JA the order of the matrices Y;+ and Z: whose
i'j'th elements are given by (68) and (69). Line 95 stores in JB the
order of the matrices Y;_ and Z; whose 1'j'th elements are given by
(68) and (69). Line 96 stores in IA the total number of vector func-
tions listed on the right-hand side of (48). IA is the order of the
submatrix Zi1+ in {1, Eq. (33)]. Line 97 stores in IB the total number
of vector functions listed on the right-hand side of (52). IB is the
order of the submatrix Zil- in [1, Eq. (33)). Line 98 stores in N the
order of the matrix Tn of {1, Eq. (33)].

Line 99 puts Y;+ of (68) in YP ((n-M1)*JA*JA+1) to YP((n-M1+1)*JA*JA)
and Z: of (69) in the corresponding region of ZP for n = M1, MI+1l, ... M2.
Storage of Y;+ and Z: in YP and ZP is by columns. Line 100 puts Y;— of
(68) in YM((n-M1)*JB*JB+1) to YM((n-ML+1)*JB*JB) and Z_ of (69) in the
corresponding region of ZM for n = M1, Ml+l, ... M2, Storage of Y;_ and

Z; in YM and ZM is by columns. With reference to [1, Eq. (103)], line 101

puts

e Tl OO A KL T S s e 0P et L M N T i
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vni' in
—Vﬁi, in
-Vﬁ?, in
Vii, in
where
and

R(' + J1)
R(i' + J1 + NA - 2)
R(1' + J1 + JA)

R(i' + J1 + JA + NA-2)

J1

(n - M1) * 2 % JA

n

M1, Ml +1, ... M2

’

]

1,2,..

1,2,.

1,2,..

1,2,..

.NA-2
. .NA-1
70
.NA-2
.NA-1
(71)
(72)

O -
DO loop 82 puts k SJ in RB(J). k+oJ is needed in order to calculate

[1, Eq. (88a)].

DO loop 86 obtains n according to n = M-1.

+
moves Y; down into YP(1l) to YP(JA*JA) and Z: down into ZP(1l) to

If n # M1, DO loop 89

ZP (JA*JA), DO loop 90 moves Y;— down into YM(1) to YM(JB*JB) and Z; down

into ZM(1) to ZM(JB*JB), and DO loop 91 moves the V's of (70) down into

R(1) to R(2*JA).

4
The only difference between Ygg; of [1, Eq. (36)] and Y

(68) lies in the testing functions and expansion functions.

the only difference between Zﬁg

lies in the testing functions and expansion functions.

functions in [1, Egs.

tions in (68) and (69) by (48), (52), (56), (59), (61), and (65).

*

3

ni'j

, of

Likewise,

of [1, Eq. (35)] and le;"'j’ of (69)

The expansion

(36) and (35)] are related to the expansion func-

Accord-

ing to (67) and (47), the testing functions are the complex conjugates

of the expansion functions.

Hence, the complex conjugates of (48), (52),

(56), (59), (6l1), and (65) relate the testing functions in [1, Eqs. (36)

and (35)] to the testing functions in (68) and (69). As a result,
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+ +

Yﬁ?} = Yﬂi'j' 3
+ %

SR av

where }' is the subscript of the jth vector function listed on the right-
hand side of either (48), (52), (56), (59), (6l), or (65), whichever is
appropriate. Similarly, i' is the subscript of the ith vector function
listed on the right-hand side of either (48), (52), (56), (59), (61), or
(65), whichever is appropriate. For example, if p=2 and q=1 and if the
superscript + is chosen in (73), then (73) becomes

21+ _ 0t !

Ynij T i’y (75)

where 3' is the subscript of the jth vector function listed on the right-

hand side of (48) and 1i' is the subscript of the ith vector function listed

on the right-hand side of (56).

With regard to [1, Eq. (33)], DO loop 25 uses (73) and (74) to store
—

11+

(76)

Yil+
L")

by columns in T. The elements of the submatrices in (76) depend on the

expansion functions (48). Hence, j' in (73) and (74) is the subscript of
the jth vector function listed on the right-hand side of (48). The index

of DO loop 25 {s JJ, If JJ = 1, inner DO loop 26 obtains the values of j

for which j' is given by (48a). If JJ = 2, DO loop 26 obtains the values
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of j for which j' is given by (48b). Similarly, if JJ = 3, DO loop 26
obtains the values of j covered by (48c). Finally, if JJ = 4, DO loop

26 obtains the values of j covered by (48d).

+
The elements of Zil in (76) depend on the testing functions Ei:.

These testing functions are related to E:i' of (67) by the testing func-

tion version of (48). The testing function version of (48) is (48)

1+ +
W ., gnj, replaced by W

+
LU LAPRE and j' replaced by 1'.

+
with Jl. replaced by
—nj
It is now apparent that i' in (74) is the subscript of the ith vector
function listed on the right-hand side of the testing function version
of (48). 1Inside nested DO loops 27 and 28, line 141 stores the appro-
priate element of Zi1+ of (76) in T. The index of DO loop 27 is II.
If IT = 1, DO loop 28 obtains the values of i for which i' is given by
the testing function version of (48a). 1If II = 2, DO loop 28 obtains
the values of i for which i' is given by the testing function version
of (48b). Similarly, if II = 3, DO loop 28 obtains the values of i
covered by the testing function version of (48c¢). Finally, if II = 4,
DO loop 28 obtains the values of i covered by the testing function ver-
sion of (48d).
DO loop 29 takes care of the O in (76).
21+ 2+
r

The elements of Zn in (76) depend on the testing functions En

+
These testing functions are related to En . of (67) by the testing func-

i
tion version of (56). Hence, i' in (74) is the subscript of the ith

vector function listed on the right-hand side of the testing function

version of (56). Inside nested DO loops 30 and 31, line 157 stores

+
the appropriate element of Zil of (76) in T. The index of DO loop 30

is IT. If II = 1, DO loop 31 obtains the values of i for which i' is




obtains the values of i for which i' is given by the testing function

version of (56b).

The elements of Yil+ in (76) depend on the testing functions !ni

+
These testing functions are related to Hni

tion version of (61). Hence i' in (73) is the subscript of the ith

vector function listed on the right-hand side of the testing function

version of (61). Inside nested DO loops 32 and 33, line 168 stores the

31

given by the testing function version of (56a). If II = 2, DO loop 31

3+
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, of (67) by the testing func-

appropriate element of Yn + of (76) in T. The index of DO loop 32 is II.

If II = 1, DO loop 33 obtains the values of i for which i' is given by

the testing function version of (6la). 1If II = 2, DO loop 33 obtains the

values of i for which i' is given by the testing function version of (61b).

With regard to [l1, Eq. (33)], DO loop 34 uses (73) and (74) to store

p— —

0

11-
Ny Zn
Z21-
r o
Y31--

EL

n

77)

by columns in T. Nested DO loops 34 and 35 obtain the values of j in (73)

and (74). 1In (73) and (74), j' is the subscript of the jth vector function

listed on the right-hand side of (52). DO loop 36 obtains the 0 in (77).

11-

Nested DO loops 37 and 38 obtain the values of i for Znij

is the subscript of the ith vector function listed on the right-hand side of

of (74) in which i’

the testing function version of (52). Nested DO loops 39 and 40 obtain the

21-

values of i for Z of (74) in which 1' 1is determined by the testing func-

nij

tion version of (59). Nested DO loops 41 and 42 obtain the values of 1 for

Bl AT i Y TV TR 3 R T by
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317 of (73) 1n wh '
aij n which 1' is determined by the testing function version
of (65).
With regard to [1, Eq. (33)1, DO loop 43 uses (73) and (74) to
store

N

n (78)

[_n no_

by columns in T. Nested DO loops 43 and 44 obtain the values of j in
(73) and (74) in which j' is determined by (56) for the submatrices with

superscript + in (78) and by (59) for the submatrices with superscript -

in (78). Nested DO loops 45 and 46 obtain the values of i for zii; of

(74) with i' determined by the testing function version of (48). Nested

DO loops 47 and 48 obtain the values of 1 for Zii;

termined by the testing function version of (52). Nested DO loops 49

- +
and 50 obtain the values of i for Z22+ +n 222 of (78). 222 is given

nij r nij nij
by (74) with 1' determined by the testing function version of (56). Zii}

of (74) with 1' de-

is given by (74) with i' determined by the testing function version of

+ 2-
(59). Nested DO loops 51 and 52 obtain the values of i for Yii + Y3 f

37 Tnig °
(78). Yzi; is given by (73) with i' determined by the testing function
version of (61). Yii; is given by (73) with i' determined by the testing

function version of (65).
With regard to {1, Eq. (33)], DO loop 53 uses (73) and (74) to o

store i
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— -
13+
n
_y13-
" (79)
_y23 _ y23-
n n
33+ 1 33~
[n + (nr) Zn

by columns in T. Nested DO loops 53 and 54 obtain the values of j in
(73) and (74) with j' determined by (61) for the submatrices with
superscript + in (79) and by (65) for the submatrices with superscript -

in (79). Nested DO loops 55 and 56 obtain the values of 1 for Yii} of

(73) with 1i' determined by the testing function version of (48). Nested

DO loops 57 and 58 obtain the values of i for Yii; of (73) with i' de-

termined by the testing function version of (52). Nested DO loops 59

23+ 22, 23+
and 60 obtain the values of i for -Ynij - Ynij of (79). Ynij is given

by (73) with i' determined by the testing function version of (56).

Yii; is given by (73) with i' determined by the testing function version

of (59). Nested DO loops 61 and 62 obtain the values of i for

33+ 1 33~ 33+ ,
+ — . 1
Znij (nr) Znij of (79) Znij is given by (74) with i' determined by
the testing function version of (61). Zzi; is given by (74) with {'

determined by the testing function version of (65).

Now that the moment matrix Tn has been stored in T, we turn to the
excitation vector ﬁg of [1, Eq. (101)]. The V's on the right-hand side
of [1, Eq. (103)] reside in R. Because DO loop 91 has been executed,

storage in R is not according to (70) as it stands but according to (70)

without the offset Jl. The auxiliary equation involving the W's in

PR Wt AT B A A B . R

e e A era i e s
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[1, Eq. (103a)) is the testing function version of (48). Likewise, the
auxiliary equation in [1, Eq. (103b)] is the testing function version
of (56), and the auxiliary equation in [1, Eq. (103c)} is the testing
function version of (61).

Based on the considerations in the preceding paragraph, lines
336-378 store ﬁi of [1, Eq. (101)] in Y. Nested DO loops 63 and 64
store Vil+6 of [1, Eq. (101)] in Y. The sign factor S in line 346
compensates for the minus sign in front of Vi?, in (70). The number of
elements in the row vector 0 in {1, Eq. (101)] is IB because this row
vector can be traced back te [1, Eq. (39b)]. DO loop 65 stores this
row vector in Y. Nested DO loops 76 and 77 store V;e of [1, Eq. (101)]
in Y. Line 364 compensates for the minus sign in front of Vig, in (70).

Nested DO loops 66 and 67 store iie of [1, Eq. (101)] in Y. The offset

JA in line 370 is mandated by the superscript ¢ in Vr¢. in [1, Eq. (103c¢)].

ni
ré

Line 376 accounts for the net effect of the minus sign in front of Vni

, In
[1, Eq. (103¢)] and the minus sign in front of V-9, in (70).

Line 379 decomposes Tn into the product of a lower triangular matrix
with an upper triangular matrix. Line 380 stores the solution i: to [1,
Eq. (65a)] in XX. The elements [1, Eq. (68a)] of ig are the I's and V's
in [1, Eqs. (87)-(89)]. Lines 384-385 store €, in C1. Line 386 stores
4f in C2. 1If L1A(2) = 0, then it is evident (50a) and (50b) that L1A(1l) =
so that no values of j are to be taken in (33) and (34). 1If L1A(2) > O,
line 392 prints (33) and (34). If L1A(4) = 0, then it is evident from
(50c) and (50d) that L1A(3) = 0 so that no values of j are to be taken

in (35) and (36). 1If L1A(4) > 0, line 398 prints (35) and (36). Line

403 prints (37) and (38). Line 409 prints (39) and (40).
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If 12(1) = L2(2) = 0, then it is evident from (57a), (57b), (62a),
| and (62b) that L3(1) = L3(2) = 0 so that no values of j are to be taken
in (41) ~ (44). If either L2(1) > 0 or L2(2) > 0, then line 417 prints
(41)-(42). 1If L2(2) = 0, then it is evident from (57b), (62a) and (62b)
that L3(1) = L3(2) = 0 so that no values of j are to be taken in (43) and

(44). TIf 1L2(2) > 0, line 421 puts 2j in Cl, lines 422 and 423 put 26n in
C2, and line 424 prints (43) and (44).
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LISTING OF THE MAIN PROGRAM
THE SUBPROGRAMS YZA+BLOG.PLANE ,DECOMP+SOLVE. AND PRNT ARE NECEDED

003 //PGM JOB (XXXXKsXXXXs2e2)s¢MAUT Zs JOE® sREGION=275K
004 /7 EXEC WATFIV
005 //GO«SYSIN DD o
006 sJ08

caqQ7
co8
co9g
ot0
sl
o112
o013
ota
G1S
olé
ol7
o} B-]
c1i9
020
021
022
223
c2s
02¢
026
027
Q28
029
Q3¢
03t
032
33
03a
03s
036
037
038
039
o040
041
082
c43
Ca s
045
046
037
048
049
¢S50
051
052
053
0S54
055
056
057
0S8
0%9
060

15

to

11

12

13
14

16

17

18

19
20

23

22

23

MAUT 2, T INE=S,PAGES=60
COMPLEX €C10C2¢C30C30C5¢CHeXX(7)eYP(2209) 2P (2209).YM( 2209
CONPLEX ZNM(2209) R 240)+T(6241) 4¥(T79)
DIMENSION XT(10)AT{10)eX(88)eA(A8)«THRII)RA(A3)ZA(A43).RB(43)
OIMENSION ZB(43) L LA(A)sMIA(S),L1B(a).MIB(ADL2(2)M2A(2)eM28(2)
DIMENSION L3(2) JM3A(2),MIB(2).IPS(79)
COMMON CleC2e¢XXoJdX
READ(1 ,15) NFNPHI
FORMAT(213)
WRITE(3:9) NT(NPHI
FORMAT(?® KT NPHI*/7LXe13.15)
READ(1 ¢10) {XT(K) oX=1¢NT)
READ( 1080)CAT(K) oK=L ¢NT)
FORMAT(SEL4.7) .
WRITELI+ L1 I{XT(K) s K=14NT)
WRETE(3e12)(AT(K) +K=14NT)
FORMAT(® XT*/{1XeSE18.7))
FORMAT(® AT*°/(1X.SE14.7))
READ( 14100 { X{K)eXK=1sNPHI)
READ(1410)CA(K) ¢K=1+NPHL)
WRITE{(3e13)(X(X)K=L e NPHIL)
WRITE(314)(AL{K) ¢K=1¢NPHI)
FORMAT(® X*/{1XeSEL14.7))
FORMAT(® A*/ (I1XS5E14.7))
READ(1.16) NAeNBy MAsMBoMCoLAJLBeLC M)l ¢ M238KsURs ERe THR{1)
FORMAT( 1013/74E143.7)
WRITE(3e17) NAGNOSsMAIMBoMCoel AsLBelLCoM1oM2,BKoURLERTHR{ 1)
FORMAT(® NA NB MA NMB MC LA LB LC MLl M2°/71X+1013/7X+*BK®e12Xs*UR?*,
112Xe 'ER®LOXe*THR(1) */1Xe4E14.7)
READ(1¢18)(RA(1),I=1sNA)
READ(118)(ZAL 1)+ 1=14NA)
FORMAT(10F8.4)
WRITE(3.,19)(RA{1)e I=1sNA)
WRITE(3e20)(ZAl1)el=1eNA)
FORMAT(® RA'/(1X.10F8.4))
FORMAT(® ZA®/(1X,10FB+48))
READ(1:18)(RB(1),1I=1,NB)
READ(118)(ZB(1)e1=1NB)
WRITE(3.21)(RB(1)+1=1sNB)
FORMAT(® REB*/(1X,10F8.4))
WRITE(3 422)(2B(t)e1I=1+NB)
FORMAT(® ZB*°/(1X.10F8e4))
CI=2e
Ca=8.%(0eel )
C5=2+%({0cole)
Co6=4,
UVE=SQRT (UR®ER)
08=BK¢VUE
ET=SART(UR/ZER)
ET 131 o/7ET
00 23 (=leNA
RALL)=BKeRAC L)
ZACL)=8BK8ZALL)
CONTINUE
00 24 I=1l¢NO

i
i
1




TR

-

s PO S ¥

o6t
062
063
064
065
066
067
068
069
070
071
72
073
o074
075
ar6
or?
o7rs
c79
080
081
082
o83
084
085
[+ 2-1.]
37
088
089
a90
091
092
093
094
Q95
096
097
098
099
100
101
102
103
104
10S
106
167
108
109
110
11t
112
113
tis
115
116
117
118
19
120

24

82

a9

RB([)=BB¢REB(I)

28 1)=08¢26(1)

CONTINUE

LIACL )=MAXO(OsMA—~1)

LLIA(2)=MA
LUIAC(3)=MAXGS0 e NA~MA-NC~1 )
LAACA)I=SNA-MA-NCLA

MLA(1)=0

MLAL2)=NA-2

NIA(3 )=MA+NC-1

NLA(S I=NA+MNA+NC~-3
L1B(1)=NAXO(OcNB~-1)

L1B(2)=M8

LEIB(3)=NAXO(0s NB~-NB~-MC-1)
L18(4)=NB~-MB—-NC-LB

MIB(1)=0

M1B8(2)=NB-2

ML B(3)=MB+MC~-1]
NM1B(4)=NB+MB+NC-3

L2(1)=MC

IF(MALEQ.O0) L2(1)=NC-1
IF(LLA(A).EQ.0) L2(1)=L2(1)-1
L2(2)=MC-1—-LC

M2A(1 )=MAXO(0s NA~1)
NZ2A(2)=NA=-2+MNA

M28( 1 )=MAXO(0e MB-1)
M28(2)=NS—-2eM0
L3I(LI=MAXO (O MC~-2)
L3(2)=L2(2)

N3ALL )=MA

M3AC(2)=NA-Z2+MA

M3B(1L)=NB

N38(2)=NB-2¢M8

JA=2ENA-3

JBz 2 NB~3

TAL LAC L)AL BAC2)+LLIAC I *LLALS)
IB=L18(1)+LL1B(2)4L18(3)MN 18(s)
N=IASIB+L2( 1)L 2(2) LI 1) +LIA(2)
CALL YZA(M1oM2oNASNPHISNT o 0eRAeZAXsAeXT AT YP+2P)
CALL YZA(MLoM2oNBoNPHI oNT s0sRBeZ0s Xo As XTo AToYM, ZN)
CALL PLANE (ML oM2 4¢3 sNAINTsRAGZAXTeAToTHR +R)
DO 82 J=1.N8

RB(J)=RB(J)/7UE

CONTINVE

JAZ=JIASIA

JB2=4B% JB

M3aMle)

Mo=M2e|

DO 86 M=MN3 MA

IF(MeEQ.M3I) GO TO 88

J2=M— N3

JUI3I2¢ A2

00 89 J=l,JA2

YPLI)=YP(J0J))

ZPLII=2P( S04l )

CONTINUE

Ji=I205D2

00 90 J=1,J82

YMCJIImYN(I*IL)

ZMtJ)=Z Nt S0 )




RN

60

121
122
123
124
1295
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
1S1
152
153
154
155
156
157
158
15$
160
161
162
103
164
165
166
167
168
169
trs¢
171
172
173
174
175
176
(W s
178
179
180

90

91
88

28
27

29
79

31
30

33
32

26
25

CONTINUE

43228 JA

Ji=J28 93

DO 91 J=1eJ3

R{JII=R( I+ JL)

CONTINUE

JT=0

DA 29 JJ=1.8

J2=L1ACJI)

1F(J2+EQ.0) GO TQ 25 ]

J1=MLACJJID) S JA 4

DO 26 J=ieJ2

00 27 [I=1.8

I3=L1AC1])

IF(13.EQ.0) GO TO 27

JI=JI+MIALIL)

11=J3+¢}

12=J3¢13

DU 28 I=lt,.l2

JT=JT #l

T(IT)=ZP(1)

CONTINUE

CONT INUE

IF(iB.EQ.0) GO TQ 79 !

00 29 I=1,18

JT=JTe8

T(JTI=0. 3

CONT INVE

00 30 1I=1,2

£3=02(11)

IF(13.EQ+0) GO TO 30

J3=J1L +M2ACE])

{1=J43¢1

12=J3+13

DO 31 I=[1.12

JT=JT+}

T(ITI=ZPII)

CONTINUE

CONTINUE

00 32 [1=1,2

13=L3¢1 1)

IF(13.EQ.0) GO ¥O 32

J3=J1 eN3A(LD)

11=J3¢1

12=43413

DO 33 1=f1,.12

IT=ITH1

TCITI=YP(L)

CONT INVE

CONTENUE

JI=J1eIA |

CONT INVE '

CONTINUVUE

DO 36 JJinles

J2=0L18¢JJ)

IF(J2.€0.0) GO TO 3¢

J1=M168( JJ) 9JB

0DQ 35 J=1,42

IF(1A.EQ.0) GO TQ 80 |

00 36 I=i, 1A |
|

chde
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e




181
182
183
184
185
186
187
La8
139
190
ist
192
193
194
19€
196
197
198
199
200
201
202
203
204
205
206
207
208
20%
210
211
212
213
214
218
216
217
218
219
220
221
222
223
224
223
226
227
228
229
230
231
232
233
234
23%

36
80

38
37

40
39

42
L3}

35
34

46

JT=IT+ 1
T(IT)=0e
CONTINUE

DO 37 [i=t,.n
f3=L1BC11)
IF(13<EQ.0) GO
JI3=JieM18L11L)
11=J3¢82
12=43+¢13

DO 38 1=11,.12
JTI=J4Tel

TUJIT I=ETSZN{ L)
CONTINUE

CONT INUVE

DO 39 1I1=1,2
13=L2¢11)
IF{1I3.£Q.0) GO
J3=Ji1eM2B(11)
11=J3+1
12=53¢13

00 40 I=I1,1(2
JT=JT#+}
TCITI=ETOZM(T)
CONVINUVE
CONTINUE

DO 41} 11I=1,2
I13=3¢11)
IF(13EQ.0) GO
J3=JteM38L1L)
I1=J03+1
12=93¢13

DO 42 I=11,.12
JT=JTV ¢}
T¢(JIT)=Y ML)
CONTY INUE

CONT INVE
Ji=J1¢48

CONT INVE
CONTINUE

D0 43 JI=1,2
J2=1L2¢33)
IF(J2 eEQe0) GO
JEIA=MZ2A(JII)I®IA
JI1B=M28(JJ)e48
DO 44 J-=leJd2
DO A5 [I=1.4
I13=L1ACIT)
IF(E3.EQ.0) GO
JI=JIA+NIALLD)
t1=J53¢4
1223443

00 46 [=11.12
JT=JT el
T(JIT)I=2ZP(1)
CONTINUE

CONT INVE

DO 47 (i=tes
13=L18LLL)

IF( 13s€04.0) GO
JI=JIBeMNLECLE)

61

70 37

Y0 39

TO 41}

70 43

TC A3

TO &7




62

241
242
241
2434
245
236
247
248
246
250
231
2s2
253
254
255
256
257
258
259
260
261
262
263
264
26S
266
267
268
259
27¢C
271
272
273
274
275
276
277
278
279
280
221

282
283
284
28S
286
287
2a8e
299
29G
291
292
293
294
295
296
257
£9e
266
300

48
a7

S0
a9

S2
St

LX)
43

56
5S

I13J3¢1
[2=J43+13

DO 48 I=li.12
JT=dT+1
TCIVHI=ETEIM(])
CONY INUE
CONTINUE

DO 49 11=1,2
13=t2¢{11)
IF(I3<£Q.0) GO TO 49
J3=JLA+M2A(IL)
I1y=43¢}

12=43+13
Je=J1BeMN2B(11)

00 S0 [=81e12
Ja=Ja 4}

JI=J4T+1
TLITI=ZPL L J+ETEZN( JA)
CONTINUE

CONTINVUE

DO St liI=l.2
I13=L3C11)
IF(13+EQ.0) GU TO 51
J3=JIA+MIA(LL)
11=J03+1

I2=J43 %13
Jea=418+M3B(11)

00 S2 I=I1.12
Ja=J4a»l

JT=JT+¢1
TLATI=YP (I )+YM{IS)
CONTINVE

CONTINUE

JI1A=JL1A®JA
J18=J1B+JB

CONTI NUE

CONT INUE

DQ 53 JJu=1.,2
J2=L3(JIJ)
IF{J2.EQ.0) GO TO S3
JIA=NIAC(JII®IA
J1B=M38(49)%J8B

D0 5S4 J4=1e42

DO 55 Il=1e4
I3=LRACIT)
IF(13.EQ.0) GO TO SS
J3zJLACMEIA(LL)
Il=J3¢1

12=43¢13

00 S$6 [=11,.12
JT=JT+1

TLIT)=—YPL 1)
CONT S NUE

CONT INUE

D0 57 (I=1.4
13xL18411) B
{F{I3.€Q.0) GO TO S7 !
J32J1BeM1DCIT)
f1=2J3¢1
123453+¢13




301
302
303
304
305
3006
307
308
309
310
it
312
313
313
35
31¢&
317
318
319
320
321

322
323
32a¢
325
326
327
328
329
230
331

332
333
334
335
336
337
338
339
330
341
342
343
344
345
346
3a7
348
244
350
351

3s2
353
354
3s5¢%
356
357
Jsa8
359
360

58
57

60
59

62
61

54
53

64
83
63

63
81

00 S8 I=11,12
JT=YT+3

T(ITI=>—YNL L)
CONT ] NUE

CONTINUE

DO S9 (1=1,2
I3=t2¢11)
{F(13.EQ.0) GO 7O 59
JI=JLAFM2AL(LL)
IL=J3+1

[12=03+13
JaxjrasmM2o(1l)

D0 60 I[=11,12
Ja=Ja+s+}

JT=3T+1
T(JIT)=>=YP( L )~-YM(J4)
CONTINUE

COCNTINUE

00 61 1=1,2
13=13(11)
IF(13.EQ.0) GO TO 61
JI=JIASM3A(I1)
I1=03+1

12=33¢I13
J4=JiBeN38(11)

DO 62 1=I1.42

Ja= s+l

JT=4T¢1
T(ITI=ZPUIISETISZM( JA)
CONT INVE

CONTINUE

JIA=JLIA®JIA
Ji8g=Jl1E8+48

CONTINUE

CONT INUE

JY=0

S=le

DO 63 li=tes
I3=LI1ACIL)
IF(13.EQ.0) GO TO 83
J3=MIALLIL)

I1=33+1

12=33+13

DO 64 [=11,12
JY=gYel

Y(JIYI=S4R(]1)
CONT I NUE

Sxz=$5

CUNY INUE

IF(1B+.EQ.0) GO 7O 81
D0 65 (=1,18

JY= IV #1

YeJIYI=0e

CONTINUE

DO 76 1I=}1,2
13=L2(11)
IF(13.€EQ.0) GO T0 706
J3=M2ACIL)

It=Ju3+1

12=23¢43

X - A gLy A Pt S T <t~




Jo2
33
364
365
366
367
368
369
370
37:
3re2
373
374
375
376
arr
378
379
380
381
332
333
38a
385
386
387
308
389
39
391
392
393
394
39S
396
297
398
399
400
401
402
a03
404
305
406
407
408
499
410
at1
412
413
414
415
416
a7
418
19
420

77
76

67
66

96

68

84

69

74

70

as

71

75

72

73

0Q T7T 1=11.12
JY=JY el
Y(JIY)=R(L)
IF(11.EQa2) Y(JY)==Y{JY)

CONTINUE

CONTINUE

DO 66 [1I=1,2

13=L3(11)

IF{13<EQe0) GO YO 66

JI=MIACILI)¢UA

I1=J3+¢1}

12=43+13

DO 67 1=11.12 3
JY=JY+]

YLJIY)=R(I)

IF(11.EQa2) Y(IY)=-Y(JY)

CONTE NUE

CONTINVUE

CALL DECOMP (N, 1PS,T)

CALL SOLVE(N.IPSeTaY oXX)

MS=M-1

WRITE(3:96) NS

FORMAT(?0°+I3:*TH NODE ELECTRIC AND MAGNET IC CURRENTS®) 1
Ci=C3

IF(M5.EQ.0) C1=1.

c2=Ca

IX=0

J2=tLtA(2)

IF(J2.EQ.0) GO TO 84

WRITE(3.68)

FORMAT(*0BL ECTRIC CURRENT ON FIRST PART OF OUTSIDE CONDUCTOR')

CALL PRNTILLIAC(L)+J251e14RA)

J2=L1A(S)

IF{(J2.EQs0) GO TO 74

WRITE(3,69)

FORMAT('O0ELECTRIC CURRENT ON SECOND PART OF OUTS IDE CONDUCTOR®)

J3=MA+NC

CALL PRNT(LLIA(3)5J2:J3¢J93.RA)

J2=0L18(2)

IF(J2.EQ40) GO TO 85

WRITE(3.70)

FORMAT(*OELECTRIC CURRENT ON FIRST PART OF INSIDE CONOUCTOR?®)

CALL PRNTIL1B(1)+J2+1414RD)

J2=L10(s8)

IF(J2 .€EQ.0) GO TO 7S

WRITE(3.71)

FORMAT(*0ELECTRIC CURRENT ON SECOND PART OF INSIDE CONODUCTOR®)

J3=aMBeMC

CALL PRNT(LI1IB(3)+J2+039sJ3.R8B)

Ji=L2(1) .
J2=L2(2)

IF((J1002)E0Q.0) GD TO 86

WRITE(3472)

FORMAT(*OELECTRIC CURRENT IN APERTURE®)

JI=M2A( L)1

JazMALl

CALL PRNT(J1eJ2¢430J4 ¢RA) ‘
IF(J2.€EQ.0) GO TO 86 i
WRITE(3,73) i
FORMAT(®* OMAGNETIC CURRENT IN APERTURE®)




g ey e

65
421 C1=CS
422 C2=C6
423 IF(M5.EQ.0) C2=2.
42 CALL PANT(L3(1)eJ2:J80J4sRA)
a2s 86 CONTINUE
426 sToP
427 ENO
SOATA
2 20
=0 5773S03E+400 0.5773503E+00
0.1000000E+0CL 0.1000000E+0L
~0e993128CE#00-09632719E400~-0,9122344E+00-0.8391170E+00-0.7463319£¢00
=0 +6360537E£400-0.5108670E #00-0.3737061E¥00-0.2277859E+00~-0.7652652E~01
0. 7652652E-01 0.22778S9E400 043737061E+00 0.5108670E¢00 0.6360537€+00
047463319 +00 0.83914{70E+00 0.9122343E#00 04S639719E+00 0«993I1286E¢00
0«1761401E-08% 0e9060133E-01 046267205E-01 0.8327674E—-01 0.1019301E+00
01281 94SE+00 0.1316886E+00 0.1420961E400 0.1491730E+00 0,1527S34E+00
0¢1527534E 400 041491730E400 04 1420961E+00 0.1316886E400 0.118194SE+00
0+1019301C¢00 248327674E-01 0.6267205E~01 0+40601483E-01 0.1761401E-01
1§13 5 4 5 0 0 0 1 1
0+.2500000E¢01 0.1000000E4+01 0.2000000E¢+01 0. 0000000E+00
00000 0.2588 065000 047071 08660 09659 00,9914 1.0000 0.9914
08660 070716 0.5000 0.2588 0.0000
~140000 ~049659 ~0+8660 ~047071 —0.5000 -0+2588 —0.1305 0.0000 0.1305
Ce5000 0e7071 048660 0.9659 1.0000
040000 0e2491S5S 004830 067248 0.9659 029914 10000 0.9913 0.9659
04830 0.2815 0.0000
~0+2588 ~0e2588 —042588 —=02588 —0+2588 -0.1305 00,0000 00,1305 0.2588
02588 042568 0.2588
sSTOP
/7%
/77
PRINTED OUTPUT
NT NPH1
2 20
xT
=~0e5773503E400 0a5773503E400
AT
01000000E+01 061000000E+01
X
~0e9931286E%00-0a9639719€E400-0.9122334F+00-0.8391170E+00-0.7463319€E400
~0e6360S37E400-0.S1V8670E400~-03737061E+00-0.2277859E+00~-0.7652652€-901
0e7652652E~01 06227785S9E+00 0+.3737061E¢00 0.5108670E+00 0.6360537E+00
00746331 9E+00 048391170E400 0.9122344E+400 0.9639719E+00 0.9931286E +00
A
0e1761401€E~01 004060143E-01 0.6267208E—-01 0.832767SE-01 0.101930tE+00
0.1181945E£400 01316886E+00 0.,1420961E4¢00 01491 730E¢00 0.1527534E+400
0e1S27SIAE400 061491 730E+400 0. 1320961E+00 0e1316886E+00 0.1183194S5E4+00
0s1049301E400 0832767SE-01 0.6267208E=01 0+4060143E-01! O.1761401E-01
NA NB MA MB MC LA LB LC ML M2
t5 13 S &4 S 0 0 o0 1 13
BK UR ER THR{1)
02500000E+01 061000000E£¢01 0.2000000E401 0.0000000E+00
RA
00000 02588 05000 067071 08660 049659 0.991¢ 1.,0000 0.9914
0e 8660 047071 0.5000 0.2588 0.,0000
ZA
~1e0000 ~049659 —0.8660 ~0s7071 -0.5000 ~042598 -0.130% 02.0000 0.1305

05000 0e.707
8

I 008660

049659

1.0000

Qe 9659

0.2%88

0.724%

0.2588

09659

0425483




3. 0000 «23¥LS 0.4830 Ou7284
J. 4830 0.2915 0.0000

23

~0e2588 ~042508 -0.2588

0.2528 0.25438 0.2588
1TH NQOE ELECTRIC AND MAGNETIC CURRENTS

090659 0.9914 10000 09914 0.,9699

~02588 —02588 ~041305 0.,0000 0.1305 0.2588

ELCCTRIC CURRENT ON FIRST PART OF OUTSIDE CONDUCTOR

REAL J¢ INAG 4T
Qe I2Z3L ¢00-0.8715E#00
Qen389E 000~ 04N2226-Q1L
0«2990E400 07627E 400

~0.,4205E+00 0.1188E¢01

REAL 4P
~0.560G2E¢00
-0.53R6E+ 00
~0.3348E4+00
—0.8079€E-01
-0 5354E~01

IMAG JP
041065E+¢01
0.6909E+00
0.4160E+00
G «2966E+00
0.5308E£+00

MAG JT
0.1077E+01
Qe S3A6E+QO
0«805SE+00
0e1261E¢01

MAG JP
0«1227E+01
0.8760E+00
0+5339E#+00
0.3074E+00
0534 0E400

ELECTRIC CURRENT ON SECCND PART OF QUTSIDE CONDUCTOR

REAL JT IMAG JT
—0+002BE+00~0L1791E+01
0.3908E+00-0.1904E+01
0. 11095E+01-0Q«i607E+01
0«1478E#01-0.1261E+01

REAL JP IMAG JP
~0.7943E400-065344E+00
—0.2192E490-0.1271E¢01

0a52125400-01483E+01
O 11 {SE+O0L~0.1365E+01
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